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HYUN KYU KIM 

ABSTRACT 



In the first section of this senior thesis the author provides some new efficient 
algorithms for calculating with finite permutation groups. They cannot be found in 
the computer algebra system Magma, but they can be implemented there. For any 
finite group G with a given set of generators, the algorithms calculate generators 
of a fixed subgroup of G as short words in terms of original generators. Another 
new algorithm provides such a short word for a given element of G. These algo- 
rithms are very useful for documentation and performing demanding experiments 
in computational group theory. 

In the later sections, the author gives a self-contained existence proof for Fis- 
cher's sporadic simple group Fi23 of order 2^* • 3^^ • 5^ • 7 • 11 • 13 ■ 17 • 23 using 
G. Michler's Algorithm [11] constructing finite simple groups from irreducible sub- 
groups of GL„(2). This sporadic group was originally discovered by B. Fischer in [6] 
by investigating 3-transposition groups, see also [5] . This thesis gives a representa- 
tion theoretic and algorithmic existence proof for his group. The author constructs 
the three non-isomorphic extenstions Ei by the two 11-dimensional non- isomorphic 
simple modules of the Mathieu group M23 over F = GF(2). In two cases Michler's 
Algorithm fails. In the third case the author constructs the centralizer H ~ Cg{z) 
of a 2-central involution z of Ei in any target simple group G. Then the author 
proves that all conditions of Michler's Algorithm are satisfied. This allows the au- 
thor to construct G inside GL782(17). Its four generating matrices are too large to 
be printed in this thesis, but they can be downloaded from the author's website 
[10]. Furthermore, its character table and representatives for conjugacy classes are 
computed. It follows that G and Fi23 have the same character table. 
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0. Introduction 

A simple group G is called sporadic if it is not isomorphic to any alternating 
group An or any finite group of Lie type, see R. W. Carter [3]. Until recently 
there was no uniform construction method for the known twenty six simple spo- 
radic groups. In [11] a uniform construction method is given for constructing finite 
simple groups from irreducible subgroups of GL„(2). For technical reasons it can- 
not construct the two largest known sporadic simple groups because there is no 
computer which can hold all their elements. But the other twenty four known spo- 
radic simple groups can be constructed by Michler's Algorithm. In this thesis it is 
applied to provide a new self-contained existence proof for Fischer's sporadic simple 
group Fi23. 

In 1971 B. Fischer [5] found three sporadic groups by characterizing all finite 
groups G that can be generated by a conjugacy class D — z'^ oi 3-transpositions, 
which means that the product of two elements of D has order 1, 2, or 3. He proved 
that besides the symmetric groups S'„, the symplcctic groups Sp„(2), the projective 
unitary groups U„(2) over the field with 4 elements and certain orthogonal groups, 
his two sporadic simple groups Fi22 and Fi23, and the automorphism group Fi24 
of the simple group Fi24 describe all 3-transposition groups, see [6]. For each 3- 
transposiiton group G = (D) Fischer constructs a graph Q and an action on it. As 
its vertices he takes the 3-transpositions x of D. Two distinct elements x,y G D 
are called to be connected and joined by an edge {x,y) in Q if they commute in 
G. He showed that each of the groups considered in his theorem has a natural 
representation as an automorphism group of its graph Q. Unfortunately, Fischer's 
proofs are only published in his set of lecture notes of the University of Warwick 
[6] . See also [1] , for a coherent account on Fischer's theorem. 

In [6] Fischer gave the first existence proof for Fi22, Fi23, and Fi24, by con- 
structing the three graphs on which the groups act as automorphisms. Eighteen 
years later, M. Aschbacher proves in [1] the existence of Fi24 and hence also Fi22 
and Fi23, using a quotient of the normalizer of a cyclic subgroup of order 3 in the 
Monster simple group M, see [1], p. 5. However, both approaches do not allow 
specific calculations with elements in these groups nor do their methods generalize 
to arbitrary finite simple groups. 

The purpose of this thesis is to provide a new existence proof for Fi23 , which has 
two advantages over the previous proofs. Fischer's proof doesn't generalize to all 
simple groups, because not all simple groups can be described by 3-transposition 
groups. Aschbacher's proof obviously doesn't generalize nor does it provide access 
to explicit computation with elements in the resulting groups, because the Monster 
group M doesn't have a permutation representation or a matrix representation of 
small enough degree; the smallest known faithful permutation representation of M 
wouldn't fit into any modern super-computer, and the smallest degree of matrix 
representation of M is about 183, 000. DeaUng with dense 183, 000 by 183, 000 
matrices is practically impossible for currently existing computers. 

The new proof uses representation theoretic and algorithmic methods, mainly 
based on the Algorithm 2.5 of [11], which is also stated in section 2. The second part 
of Algorithm 2.5 of [11] is not repeated in this thesis, because it is identical to Algo- 
rithm 7.4.8 of [12]. Using this algorithm, the author constructs Fi23 as a subgroup 
of GL782(17). From the 782-dimensional matrix representation, the author also 
constructs a faithful permutation representation of Fi23 of degree 31671, by which 
we can actually compute with elements and subgroups and check the performed 
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calculations using the high performance computer algebra system Magma. The 
character tabic and representatives for conjugacy classes of Fi23 are also computed 
by means of this permutation representation. 

The other strong point of this algorithmic proof is that this method generalizes to 
all simple groups (not having Sylow 2-subgroups which are cyclic, dihedral or semi- 
dihedral), see [12]. In [9] the author and G. Michler construct Fi22 and Conway's 
sporadic group C02 simultaneously. The author and G. Michler are also working on 
the simultaneous contructions of Coi, Janko's sporadic group J4, and Fi24. In [12] 
and recent work to which the author's joint article [9] with Michler and also the 
further work belongs, G. Michler and coauthors construct all known sporadic groups 
except the Baby Monster and the Monster. These methods allow a systematic 
search for simple groups. 

Here is the summary of each section. Section 1 contains the description and 
Magma implementation of the author's short-word algorithms. In section 2, the 
author states Michler's Algorithm 2.5 of [11], which is a main tool of the construc- 
tion of Fi23 in this thesis. 

Section 3 shows the author's construction of the extensions of the Mathieu group 
M23 by its two non- isomorphic irreducible representations Vi and V2 of dimension 
11 over GF(2). In this thesis it is shown that there is a uniquely determined non- 
split extension E of A^23 by Vi. Micher's Algorithm 2.5 in [11] is applied to E for 
the construction of Fi23 in the next sections. However, its application to the split 
extensions Ei and E2 of A423 by Vi and V2 does not lead to any result. 

Section 4 contains the author's construction of the centralizer H (unique up to 
isomorphism) of a 2-central involution zi of E in any target simple group G. In 
particular, it is shown that Z(H) = (zi) and H/Z{H) = Fi22. Taking a 2-central 
involution zi in E and calculating D = Ce{zi) the author finds a suitable normal 
subgroup Q 'mD which enables him to construct a group H with center Z{H) = (zi) 
of order 2 such that H/Z{H) = Fi22. It is shown that E,D = Ce{zi), H satisfy all 
conditions of Algorithm 2.5 of [11], stated in Algorithm 2.1 in section 2. 

In order to c;onstnict H = 2 ¥122, the author quotes a result on Fischer's sporadic 
simple group Fi22 from his joint article [9] with G. Michler. This was necessary 
because the implementation of Holt's Algorithm into Magma was not able to con- 
struct a central extension of Fi22 by a cyclic group of order 2. Thus, the author 
constructs another amalgam H2 ^ D2 ^ D, where D2 = Coit) for some involu- 
tion t and H2 = 2H{¥\22), see Propositions 4.1 and 4.2 and Theorem 4.3. The free 
product H2 *D2 D with amalgamated subgroup D2 has a 352-dimensional faith- 
ful irreducible representation over GF(17), whose corresponding matrix group Sj is 
proved to be isomorphic to the 2-fold cover 2 Fi22 of Fi22, see Theorem 4.5. 

In section 5 the author finally constructs the simple target group (S as a matrix 
group inside GL782(17), by applying Algorithm 7.4.8 of [12] to the amalgam H ^ 
D E. In particular, it has been shown that 6 has a same character table as 
Fi23 as stated in [4]. The amalgam <— D — > iJ has a unique compatible pair of 
degree 782 over GF(17) which is not multiplicity- free at the _D- level, see Theorem 
5.1. So the author uses Thompson's Theorem 7.2.2 of [12] in the application of 
Step 5(c) of Algorithm 7.4.8 of [12]. It is shown that the free product H *d E with 
amalgamated subgroup D has exactly one (unique up to isomorphism) irreducible 
representation of degree 782 over GF(17) satisfying the Sylow 2-subgroup test, see 
Theorem 5.1. The corresponding matrix group (5 in GL782(17) is proved to be a 
simple group of order 2^^ • 3^^ ■ 5^ • 7 • 11 • 13 ■ 17 • 23 which has a 2-central involution 
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3 such that C@{i) = H, see Theorem 5.1. Furthermore, the author constructs a 
faithful permutation representation of and then the character table of 25. It 
agrees with the one of Fi23 as stated in the Atlas [4] . 

The following diagram summarizes the author's construction of Fi23 given in 
sections 4 and 5. 

© ^ Fi23 




All the performed demanding calculations for the given existence proof were only 
possible because of the implementations of the author's new algorithms described 
in the first section. They are very general and can be used in the course of math- 
ematical research in compiitational group theory. The author's code works well in 
the computer algebra system MAGMA. For documentation of the performed calcu- 
lations it is often crucial to get short-word generators for a certain subgroup of a 
group G with a given set of generators: G = (.91,. 92, • • • ,3n}- Let S* be a subgroup 
G. We want to get a generating set for S as short words in terms of the original 
generators 91,92, ■■■ ,gn- 

For example, S = {gigsge, 52, 9495)- We want relatively small number of gen- 
erators, and the lengths of words to be short. 

Magma's inverse word map function (often) provides a generating set in terms 
of given generators, but unfortunately consisting of terribly lengthy words. Reiner 
Staszewski, who was a former research assistant of Professor Michler, developed a 
stand-alone algorithm for finding short-word generators. Paul K. Young, a current 
graduate student of the Mathematics Department of Cornell University, polished 
the idea and implemented the algorithm in Magma. Since Young's implementation 
had some problems when dealing with groups of large order (or permutation groups 
of large degree), the author modified and added several new ideas. Thus the author 
produced a relatively eflacient implementation of the resulting algorithm. 

Besides this short-word-generator algorithm, another algorithm for getting a 
short word for an element of a group with given generators is also presented in 
the first section of this thesis. For each algorithm, the description and its Magma 
implementation are given. 

These new algorithms arc indeed crucial in the author's construction of Fi23; they 
are not just for documentation. They provide a successful method for constructing 
the 2-fold cover 2Fi22 where Holt's Algorithm failed. 

For readers who would like to find more background materials for this thesis, 

they should sec Holt's book [7] for computational group theory, and Michler 's book 
[12] for algorithmic representation theory of finite simple groups. 



8 



HYUN KYU KIM 



1. Algorithms 

In this section, a finite group G is always assumed to be realized as a permutation 
group or a matrix group. This allows us to compute the orders of elements and 
subgroups of G, and check equalities. 

Before going into the actual algorithms, it is natural to have definitions of some 
vocabulary: 'word-tree', 'length of a word', 'short-word', 'lexicographic order of 
words', and so on. The following definition, as stated in Definition 5.3.9 of [12], is 
due to M. Kratzer. 

Definition 1.1 (Word Tree, Word Length). Let G be a finite group. Let {gi, g2, 
. . ., gk} be a fixed set of generators for G. The infinitely deep k-nary tree C{G) in 
which the root vertex is marked by the identity 1g € G and the k successors of each 
vertex are marked successively by gi,g2, ■ ■ ■ ,gk is called the "complete word tree of 
G": 



1g 




There is a canonical one-to-one correspondence between vertices in C(G) and 
words in generators of G: For any vertex v of C{G) let w„ denote the incremental 
product of the vertex markers occurring along the direct path from the root vertex 
to V in C{G). Conversely, starting from the root vertex and reading a given word 
w = w{gi,g2, ■ ■ ■ ,gk) in generators of G like a sequence of directions guides one to 
the unique vertex in C{G) such that w;,,^^, = w. 

The "length" of a word w is the depth of the unique vertex Vyj corresponding to 
w in the word tree C{G), i.e. the number of steps needed to reach the vertex 
from root vertex. For example, the word gfg3g2 has length 4. 

Now, a "short-word" refers to a word of short length, though notion of "short" 
might not be consistent. To simplify arguments, we may look only at the indices of 
the generators. That is, gigz92 can be identified with [1, 1,3,2]. Precise definition 
of this idea is as follows: 

Definition 1.2 (Numerical Word). A "numerical word of k generators" is a fi- 
nite sequence (can be empty sequence) of integers in {l,2,...,fc}. For example, 
[5,1,2,2,2,3,4,4,5] is an example of a numerical word of 5 generators, as well as 
a numerical word of 6 generators, but not a numerical word of 4 generators. 

Let {gi, g2, • . • , gk} be a fixed set of generators of a finite group G. Then, if we 
identify each gi with i, there is a natural one-to-one correspondence between the 
set of all numerical word of k generators and C{G). For example, the word gigig2gi 
corresponds to the numerical word [1, 4, 4, 4, 2, 3, 3]. 

Now we can define a total ordering on C(G), i.e. on the set of all finite words in 
the given (ordered) generators gi,g2, . ■ ■ ,gk of G. 
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Definition 1.3 (Lexicographical Order). Let {51, 52, • • • , 9k} be a fixed set of gen- 
erators of a finite group G. Let w„ and be the vertices of C{G), corresponding 
to distinct words u and w in (71, (/2, . . . , (/„, respectively. Let and N^j be the 
numerical words of k generators corresponding to w„ and v^, respectively (each Qi 
is identified with i). Then, u < w if and only if one of the followings hold (this is 
called "lexicographic order"): 

(1) length of u < length of w 

(2) length ofu= length ofw, and Nu[n] < N^[n\ holds, where n is the smallest 
number such that [n] 7^ A^^ [n] . 

Remark 1.4. Ifu andw are distinct words ofG (in given generators), then exactly 
one of u <w or w <u holds. 

Tlie main algorithm is named GetShortGens; for any finite group G with given 
set of generators, for any subgroup S of G, this algorithm returns a short-word 
generating set for S in terms of the given generators. It needs three other small pro- 
grams, named EnumWords, ReduceGensForGroup and Word2Elt. All four programs 
are described below, with description of the algorithms and their implementation 
in Magma. The first algorithm EnumWords enables us to descend one level deeper 
in the word tree: 

Algorithm 1.5 (EnumWords). Let k be the number of given generators for the 
finite group of interest. Let W be a sequence of pre-built numerical words in k 
generators. Let s,e be integers s.t. 1 < s < e < (s for "start", e for "end"). 

Then, we can get a new sequence Wi of numerical words by adding new words to 
W, where the new words are obtained by appending l,2,...,k at the end of the 
words W[s], W[s + 1], . . . , W[e\. 

Implementation 1.6 (EnumWords). 

function EnumWords(W, st_end, nGens) 

local NewW, Newst_end; 

NewW := W; 

if #NewW eq then 

NewW := [[i] : i in [1.. nGens]]; 

Newst.end := [1, nGens]; 
else 

for i:=st_end[l] to st_end[2] do 

for j:=l to nGens do 

Append(~NewW, Append(W[i],j)); 

end for; 
end for; 

Newst_end := [st.end[2]+l, #NewW]; 
end if; 

return NewW, Newst.end; 

end function; 

Example 1.7 (EnumWords). Magma code 

> W: = [ [1,3,4], [3,3,2], [2,1], [4] ]; 

> s : =2 ; e : =3 ; 

> W:=EnumWords(W, [s,e], 4); 

> W; 

[ [1,3,4], [3,3,2], [2,1], [4], [3,3,2,1], [3,3,2,2], [3,3,2,3], 
[3,3,2,4], [2,1,1], [2,1,2], [2,1,3], [2,1,4] ] 
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The next algorithm ReduceGensForGroup gives a method to reduce the given 

set of generators as much as possible, while our subgroup of interest still should lie 
inside the subgroup generated by the reduced set of generators: 

Algorithm 1.8 (ReduceGensForGroup). Let G be a finite group generated by the 
given generators (/i, 172, • ■ • , 5fc. For any subgroup S of G. a subset of {gi,g2, . . . ,gk\ 
which generates a subgroup of G containing S is obtained by the foUmuing method: 

[Reducing original generators] If there is some i G {1, 2, . . . ,k} such that the set 
{gi, . . . ,gi-i,gi+i, . . . ,gk} generates a subgroup of G containing S, pick the largest 
such i. Now, call this function ReduceGensForGroup recursively, with same G 
and S, with reduced set of generators gi,. . . , p^+i, . . . ,gk (with corresponding 
names). If there is no such i, then return the original set gi,g2, ■ ■ ■ ,9k! with their 
names. 

Implementation 1.9 (ReduceGensForGroup). 

function ReduceGensForGroup(G, Target : wordgens:=[], gencollection:=[l..#Generators(G)], 
exclude:=sub(G|),CoverGroup:=G) 

local reducedlist; 

if #wordgens eq or #Generators(G) ne #wordgens then 

wordgens:= [("$." cat Sprint(i)) :i in [l..#Generators(G)]]; 
end if; 

for i:=l to #Generators(G) do 

reducedlist := Exclude([l..#Generators(G)],#Gcncrators(G)H-l-i); 

if (Target meet sub(CovcrGroup| [G.j : j in reducedlist] , exclude)) eq Target then 
return ReduceGensForGroup(sub(G| [G.j ; j in reducedlist]), Target : 
wordgcns: = [wordgens[j] : j in reducedlist], gencollection:=[gencollection]j]: j in 
reducedlist] ,exclude: =exclude , CoverGroup ; = Cover Group) ; 

end if; 
end for; 

return G, wordgens, gencoUection; 
end function; 

The following algorithm Word2Elt converts a numerical word to the correspond- 
ing actual element of the group: 

Algorithm 1.10 (Word2Elt). Let G be a finite group generated by the given gener- 
ators gi,g2, ■ ■ ■ ,gk- For any numerical word w in k generators, return the element 
in G corresponding to the word w by the following steps: 

Step 1 Let e = l, the identity element of G. 

Step 2 If w is an empty word, return e. If not, and if w can be written as 
w = [ai, 02, . . . , Om] where e {1, 2, . . . , k) , then let e := e ■ ga^ • 

Step 3 Let w [a2, as, ... , and go to Step 2. 
Implementation 1.11 (Word2Elt). 

function Word2Elt(G, word) 

local elt; 

elt := Id(G); 
for i:=l to #word do 
elt := elt * G.wordp]; 

end for; 
return elt; 



end function; 
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Example 1.12 (Word2Elt). Magma code (Note: Magma composes two permu- 
tations from left, not from right) 

> G:=sub<Sym(3) I Sym(3) ! (1 , 2) , Sym(3) ! (1,2,3)>; 

> Word2Elt(G, [1,2,2]); 
(2,3) 

Finally, the next algorithm GetShortGens enables us to obtain a short-word 

generating set for a subgroup of a group with given generators: 

Algorithm 1.13 (GetShortGens). Let G be a finite group generated by the given 
generators gi, g2, ■ ■ ■ , gk- For any subgroup S of G, a generating set of S consisting 
of short-word elements of G in terms of gi,g2, ■ ■ ■ ,gk is obtained by the following 
steps: 

Step 1 [Reducing original generators] If desired, try to get a subset of {gi, g2, 
. . ., gk] which generates a subgroup of G containing S, using the command 
ReduceGensForGroup. For convenience, suppose that the set of generators gi, g2, 

. . ., gk is already a result of this reducing process. 

Step 2 [Building word list, and finding generators] 

(1) Set F — (l) (trivial subgroup). 

(2) Let W = [[1], [2], . . . , [k]], the set of words, initially set to have only simplest 
numerical words of k generators of length 1 . 

(3) Take the word w in W of lowest lexicographic order which is not checked 
yet, and let x = Word2Elt(G,w), the element of G corresponding to the 
word w. If there is some m S {1,2,..., Order{w) — 1} such that u>"* € S 
and w™ ^ F, then enlarge F by F (F, w™). 

(4) If F = S , then proceed to Step 3. If not, enlarge W by appending 1,2, ... ,k 
to all words ofW of longest length, using the command EnumWords (this is 
same as descending one level deeper in the word tree). Now, go to (3). 

Step 3 [Printing] Print the words obtained. 
Implementation 1.14 (GetShortGens). 

function GetShortGens(G, Target : exclude := sub{G|), limit:=0, wordgens:= □ , Words:=[], 
stcirtpoint:=l, powcrs:=:= [1] , Hard:=truc, Order Restriction— [] , CoverGroup:=G, 
generatecheek:=true, auto:=true, EltReturn:=false, ReduceMore:=true) 

local gens, iter, st.end, tempelt, tempord, temppow, WordsSoFar, WordsNumSoFar, 
gencoUection, SubgroupSoFax, generatingset; 

gens := Generators(G); 

function GetGeneratingSet (WordsForGenerators) 

return [Word2Elt(G,WordsForGenerators[i][l])"WordsForGenerators[i][2] : 

i in [l..#WordsForGenerators]]; 
end function; 

if generateelieck and Target meet sub(CoverGroup|G, exclude) ne Target then 

print "can't generate subgroup"; 

return ""; 
end if; 

if #wordgens eq or #Generators{G) ne #wordgens then 
if #wordgens ne and #Generators(G) ne #;wordgens then 

print "the number of generator names you provided is incompatible 

with the number of generators of the group, so re-building names" ; 
end if; 

wordgens:=[("$." cat Sprint(i)) :i in [l..#Generators(G)]]; 
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end if; 

if Hard then 

print "Reducing Generators..."; 

time G, wordgens, gencollection := ReduceGensForGroup(G, Target : 
wordgcns:=wordgcns,cxcludc:=cxcludc,CovcrGroup:=CovcrGroup): 

printf "Using only %o generators %o, out of %o ", #Generators(G), wordgens, #gens; 

gens := Generators(G); 
else 

gencollection := [l..#Generators(G)]; 
end if; 

Includc{'~powcrs, 1) ; 
Sort(~powcrs); 

WordsSoFar:=[]; 

WordsNumSoFar:=[]; 

SubgroupSoFar := Target meet exclude; 

iter:=0; 

while limit eq or iter It limit do 

if #gens eq 1 and iter ge Order(G.l) then 

print "use other method"; 

return "",[]; 
end if; 

itcr:=itcr+l; 

printf "%o-tli iteration\n" jiter; 
if #Words eq then 

Words, st.end := EnumWords([],[l,l],#gens); 

startpoint:=l; 
end if; 

for j:=startpoint to # Words do 
if #OrdcrRcstriction cq then 

tempeh := Word2Elt(G, Words[j]); 

if auto then powers:=[l..(Order(tempclt)-l)] ; end if; 

if exists(temppow){x : x in powers| tempelt"x notin SubgroupSoFar 

and tempelt~x in Target} then 

Append(~WordsSoFar, WordPrint (Words [j], wordgcns:powcr:=temppow)); 
Append(~WordsNumSoFar, ([gencollection[Words[j] [k]]:k in [l..#Words[j]]], 
temppow)); 

printf "Got a new clt: %o\n", WordsSoFar[#WordsSoFar]; 

SubgroupSoFar := sub(Targct|SubgroupSoFar, Word2Elt(G,Words[j])"temppow); 
if SubgroupSoFar eq Target then 
printf "Got a generating set.\n"; 
if ReduceMore then 

print "Getting a smaller generating set..."; 
time G, wordgens, gencollection := 
ReduceGensForGroup (sub (G | GetGeneratingSet ( WordsNumSoFar) ) , Target : 
wordgens;=[],excludc:=cxcludc,CovcrGroup:=CovcrGrou])); 

printf "Resulting set has %o generators, out of %o\n", #wordgens,#WordsSoFar; 
printf "subcoUcction indices:%o\n", gencollection; 
gens := Generators(G); 
end if; 

WordsSoFar := [WordsSoFar [gencollection [i]] : i in [l..#gencollection]]; 
WordsNumSoFar := [WordsNumSoFar [gencollection [i]] : i in [l..#gencollection]]; 
if not EltReturn then 

return WordsSoFar, WordsNumSoFar; 
else 

return WordsSoFar, WordsNumSoFar, GetGeneratingSet (WordsNumSoFar); 

end if; 
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end if; 
end if; 

else //if there is some restriction on orders 
tempelt := Word2Elt(G, Words|j]); 
tempord ;= Order(tempelt); 
for ord in OrdcrRcstriction do 
if tempord mod ord eq then 

temppow := Integers()!(tempord/ord); 

if tempelt'temppow notin SubgroupSoFar and tempelt 'temppow in Target then 
Append(~WordsSoFaj-, WordPrint(Words[j],wordgens:power:=temppow)); 
Append(~WordsNumSoFar, ([gencollection[Words[j][l£]]:k in 
[l..#Words[j]]],temppow)); 

printf "Got a new elt of order %o: %o\n",ord,WordsSoFar[#WordsSoFar]; 
SubgroupSoFar := sub{TargetlSubgroupSoFar, Word2Elt(G,Words[j])''temppow); 
if SubgroupSoFar cq Target then 

printf "Donc.\n"; 

if not EltRcturn then 

return WordsSoFar, WordsNumSoFar; 

else 

return WordsSoFar, WordsNumSoFar, Generators(SubgroupSoFar); 
end if; 
end if; 
end if; 

end if; 
end for; 
end if; 
end for; 

Words, st.end ;= EnumWords(Words, st.end, #gens); 
startpoint := st_end[l]; 
end while; 

print "Couldn't generatate group"; 
return WordsSoFar; 
end function; 

Example 1.15 (GetShortGens). Magma code 

> gl:=Sym(8) ! (1,2); g2:=Sym(8) ! (1,2,3,4,5,6,7,8) ; 

> G:=sub<Sym(8) Igl,g2>; 

> S := sub<Syin(8) I Sym(8) ! (1,3,6) (2,4) , Sym(8) ! (1,7,8) (2,5)>; 

> res := GetShortGens (G,S : wordgens : = ["gl " , "g2"] ) ; 

> res ; 

[ (g2*gl*g2-4)-5, (gl*g2*gl*g2-4)-3, (gl*g2-3*gl*g2*gl) "2, 
(gl*g2*gl*g2*gl*g2-3*gl)"3 ] 

For a given element of a finite group with a given generating set, it is of- 
ten important to obtain a short word for the clement in terms of given gener- 
ating set. This element-version (as opposed to subgroup-version: GetShortGens) 
of short-word program is named LookupWord, and it needs a different version of 
ReduceGensForGroup which is called ReduceGensForElt. It is designed for finding 
a word of an element; it reduces the given set of generators as much as possible, 
while the element of interest still should lie inside the subgroup generated by the 
reduced set of generators: 

Algorithm 1.16 (ReduceGensForElt). Let G be a finite group generated by the 
given generators gi, g2, ■ ■ ■ , gk- For any element x of G, a subset of {gi,g2, • ■ • ,9k} 
which generates a subgroup of G containing S is obtained by the following method: 

[Reducing original generators] If there is some i G {1,2,. such that the set 
{gi, . . . , gi+i, • • • , gk} generates a subgroup of G containing S, pick the largest 
such i. Now, call this function ReduceGensForElt recursively, with same G and S, 
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with reduced set of generators gi,... ,5i-i,5j+i, ■ ■ ■ ,gk (with corresponding names). 
If there is no such i, then return the original set g\,g2, ■ ■ ■ ,gk, with their names. 

Implementation 1.17 (ReduceGensForElt). 

function ReduceGensForElt (G, TargetElt : wordgens:=[], gencolIection:=[l..#Generators(G)]) 
local reducedlist; 

for i;=l to #Gcncrators(G) do 

reducedlist := Excludc([l..#:Generators(G)] ,#Generators(G)+l-i); 

if TargetElt in sub(G|[G.j : j in reducedlist]) then 

return ReduceGensForElt(sub(G| [G.j : j in reducedlist]), TargetElt : 
wordgens:=reducedlist], gencollection:=[gencollection[j]:j in reducedlist]); 

end if; 
end for; 

return G, wordgens, gencoUection; 
end function; 

The algorithm LookupWord enables us to obtain a short word for an element of 
a group with given generators: 

Algorithm 1.18 (LookupWord). Let G he a finite group generated by the given 
generators gi, g2, ■ ■ ■ , 9k- For any element x of G, a short word for x in terms of 
91,92, ■■■ ,9k is obtained by the following steps: 

Step 1 [Reducing original generators] If desired, try to get a subset of {g-i, 

g2, ■ ■ ■, gk} which generates a subgroup of G containing x, using the command 
ReduceGensForElt. For convenience, suppose that the set of generators gi, g2, ■ • 
gk is already a result of this reducing process. 

Step 2 [Building word list, and finding generators] 

(1) Let W = [[1], [2], . . . , [k]], the set of words, initially set to have only simplest 
numerical words of k generators of length 1 . 

(2) Take the word w in W of lowest lexicographic order which is not checked 
yet, and let y = Word2Elt(G,w), the element of G corresponding to the 
word w. 

(3) Let r = Order {y) and s = Order {x). If s\r, go to (5). 

(4) If there is some m e e Z|l < t < s, gcd{t,Order{x)) = 1} such that 
^rm/s _ then proceed to Step 3. 

(5) Enlarge W by appending l,2,...,fc to all words of W of longest length, 
using the command EnumWords (this is same as descending one level deeper 
in the word tree). Now, go to (2). 

Step 3 [Printing] Print the words obtained. 

Alternative option : The above algorithm finds a, short word which is equal to 
the given element. A similar algorithm can be used to find a short word which is 
conjugate to the given element: in Step 2(4), we look form such that u;™/* is con- 
jugate to X (the equality test is replaced by the conjugacy test). This option is incor- 
porated in the following implementation, as the hidden parameter ConjugateCheck; 
if we set ConjugateCheck:=true, then the following program finds a short word 
which is conjugate to the given element. 

Implementation 1.19 (LookupWord). 

function Lookup Word{G, TargetElt : limit:=0, wordgens:=[], Words:=[], st_end:=[], 
startpoint:=l, Hard:=true, ConjugateCheck:=false, CoverGroup:=G, containcheck:=true, 

lnfoLcvcl;=2) 

local Ord, gens, iter; 
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local tempelt, tempord, temppow; 

Ord := Order(TargetElt); 
gens := Generators(G); 

if containchcck and TargctElt notin G then 

print "Coudln't find a word for it" ; 

return ""; 
end if; 

if TargetEIt eq Id(G) then 

if InfoLevel gt 1 then print "it is the identity!"; end if; 

return "Id($)", ([],!); 
end if; 

if #wordgens eq or #:gens nc #;wordgcns then 

for i;=l to #gens do 

Append(~wordgens, "$." cat IntegerToString(i)); 

end for; 
end if; 

if Hard and not ConjugateChecls then 
print "Reducing Generators..."; 

time G, wordgens, gencollcction := RcduccGcnsForElt(G, TargctElt : wordgcns:=wordgens); 
printf "Using only %o generators %o, out of %o ", #Generators(G), wordgens, #gens; 
gens := Generators(G); 
else 

gencollcction := [l..#Gcncrators(G)]; 

if #wordgens eq or #Generators(G) ne #wordgens then 

wordgens: =[("$." cat Sprint(i)) :i in [l..#Generators(G)]]; 
end if; 
end if; 

iter:=0; 

while limit cq or iter It limit do 
iter;=iter+l; 
if InfoLevel gt 1 then 

printf "%o-th iteration\n" ,iter; 
end if; 

if #Words eq or #st_end eq then 

Words, st.end := EnumWords([],[l,l],#gens); 
startpoint:=l; 

end if; 

for j:=startpoint to # Words do 

tempelt := Word2Elt(G, Words|j]); 
tempord := Order(tempelt); 
if tempord mod Ord eq then 

temppow := Integers()!(tempord/Ord); 
for addi in [a:a in [1..0rd] |GCD(a,Ord) cq 1] do 
if tempelt" {tcmppow*addi) cq TargctElt then 

if InfoLevel gt 1 then print "Got a word (exact)"; end if; 
return WordPrint(Words[j] , wordgcns:powcr:=(tcmppow*addi)), 
([gencollection[Words[j][k]];k in [l..#Words[j]]], temppow*addi); 

elif ConjugateCheck and IsGonjugate(CoverGroup,tempelt"(temppow*addi), TargetEIt) 

then 

if InfoLevel gt 1 then print "Got a conjugate word (new ver)" ; end if; 
return WordPrint(Words[j], wordgens:power:=(temppow*addi)), ([Words[j] [k]:k in 
[l..#Words[j]]], temppow*addi); 
end if; 
end for; 
end if; 
end for; 
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Words, st.end := EnumWords(Words, st.end, #gens); 
stcirtpoint := st_end[l]; 
end while; 

print "Couldn't find a word" ; 

return ""; 

end function; 

Example 1.20 (LookupWord) . Magma code 

> gl:=Syin(8)!(l,2); g2:=Sym(8) ! (1,2,3,4,5,6,7,8) ; 

> G:=sub<Sym(8) Igl,g2>; 

> X := Syin(8) ! (2, 8, 7, 6, 4, 3) ; 

> res := LookupWord (G,x : wordgens:=[' 'gl' ' , ' 'g2' '] ) ; 

> res ; 

gl*g2"4*gl*g2~3 

Sometimes, the subgroup or the element that we want to get short words of 
lies too deep inside the group (whose generators are given), so GetShortGens or 
LookupWord doesn't work well. For example, if an clement x can't be represented 
by a word of length< 24 in terms of given generators, then LookupWord either takes 
too long a time to get the word for x, or causes memory overflow due to too much 
required space for all the words built up so far. The author found a strategy to 
overcome this issue, described as follows. 

The strategy needs a proper subgroup T of G, which contains the target subgroup 
S or the target element x. A standard trick to get such T is to take the normalizer 
of S in G, the centralizer of x in G, or the normalizer of (x) of G. 

Strategy 1.21 (two-step GetShortGens). Let G be a finite group generated by 
the given generators (?i, 52, • • • , 5fc- For any subgroups S and T of G such that 
S G, a short-word generating set of S in terms of gi,g2, ■ ■ ■ ,gk is obtained 

by the following steps: 

Step 1 [Generators for T] Get short-word generators ti,t2, ■■■ ,tn for T in terms 
of gi, 92, ■ ■ ■ , 9k using GetShortGens. 

Step 2 [Generators for SJ Get short-word generators for S in terms of ti, t2, 
. . ., tn using GetShortGens. 

Strategy 1.22 (two-step LookupWord). Let G be a finite group generated by the 
given generators 9i, 92, ■ ■ ■ , 9k- For any element x G G and a subgroup T of G such 
that x € T ^ G, a short word for x in terms of gi, g2, ■ ■ ■ , 9k is obtained by the 
following steps: 

Step 1 [Generators for T [ Get short-word generators t\,t2, ■ ■ ■ ,tn for T in terms 
0/(71, 92, ■ ■ ■ ,9k using GetShortGens. 

Step 2 [Short Words for x[ Get short word for x in terms ofti,t2,---,tn using 
LookupWord. 

The above two strategies are used throughout this thesis and therefore constantly 
referred to. Note that sometimes it can be helpful to iterate the strategies many 
times. For example, for a subgroup S of G, it can be a good idea to try to find sub- 
groups Ti and T2 such that S' ^ Ti ^ T2 ^ G and then find short-word generators 
for T2, Ti, and finally S in turn. 
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2. Michler's Algorithm 

In this section, G. Michler's Algorithm 2.5 of [11] is presented. This algorithm 
gives a uniform method to construct all finite simple groups (not having Sylow 2- 
subgroups which arc cyclic, dihedral or semi-dihedral), from indecomposable sub- 
groups of GL„(2). The author's algorithms described in the previous section are 
used to implement this algorithm of Michler. In particular, in this thesis, Fi23 is 
constructed by the following algorithm. 

Algorithm 2.1. Let T be an indecomposable subgroup o/GL„(2) acting onV = F'^ 

by matrix multiplication. 

• Step 1: Calculate a faithful permutation representation PT ofT and a finite 
presentation T = {ti\l <i <r) with set TZ{T) of defining relations. 

• Step 2: Compute all extension groups E of T by V by means of Holt's 
Algorithm [7]. Determine a complete set & of non isomorphic extension 
groups E by means of the Cannon-Holt Algorithm [14] . 

• Step 3: Let E E &. From the given presentation of E determine a faithful 
permutation representation PE of E. Using it and Kratzer's Algorithm 
5.3.18 o/ [12] calculate a complete system of representatives of all the con- 
jugacy classes of E. 

• Step 4: Let z ^ 1 be a 2-central involution of E. Calculate D = Ce{z) and 
fix a Sylow 2- subgroup S of D. Check that the elementary abelian normal 
subgroup V of E is a maximal elementary abelian normal subgroup of S. 
If it is not maximal, then the algorithm terminates. 

• Step 5: Construct a group H > D with the following properties: 

(a) z belongs to the center Z(H) of H . 

(b) The index \H : D\ is odd. 

(c) The normalizer Nh{V) =D = Ce{z). 
If no such H exists the algorithm terminates. 

Otherwise, apply for each constructed group H the following steps of 
Algorithm 7.4.8 of [12]. By step 5(c) it may be assumed from now on that 
D = HnE. 

After the Step 5, the remaining steps are identical to Algorithm 7.4.8 of [12], so 
omitted here. 
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3. Extensions of Mathieu group M23 



The Mathieu group M23 is defined in Definition 8.2.1 of [12] by means of genera- 
tors and relations. This beautiful presentation is due to J. A. Todd. The irreducible 
2-niodular representations of the Mathieu group M23 were determined by G. James 
[8]. Here only the 2 non isomorphic simple modules Vi, i = 1,2, of dimension 
11 over F = GF(2) will be considered. Todd's permutation representations of the 
Mathieu groups are stated in Lemma 8.2.2 of [12]. Therefore all conditions of Holt's 
Algorithm [7] implemented in Magma are satisfied. It is applied here. Thus it is 
shown in this section that for the simple module Vi there are exactly two extensions 
of M23 by Vi, the split extension Ei and the non-split extension E and that A^23 
has only the split extension E2 by V2. It will be shown that the applications of 
Algorithm 2.1 to Ei and E2 fail. Therefore only the constructed presentation of E 
is given in Lemma 3.1. 

Lemma 3.1. Let A423 = {a,b,c,d,t,g,h,i, j) be the finitely presented group with 
set of defining relations 7?.(A423) given in Definition 8.2.1 of [12]. Then the follow- 
ing statements hold: 



(a) A faithful permutation representation of degree 23 of A^23 is stated in 
Lemma 8.2.2 of [12]. 

(b) The first irreducible representation {p\.,V\) of M.2d, is described by the fol- 
lowing matrices: 



pi{a) = 



01001111100\ 
01100011111 \ 
00000010000 
00110111010 
1100 110011 
00000100000 
00 100000000 
00000001000 
00000000100 
00000000010 / 

00000000001/ 



Pi{b) -. 



OIOOOOOOOOOn 
10000000000 \ 
00001000000 
1101010 1110 
001000 0000 
000001000 
11000110011 
0000000 1000 
00000000100 
00000000010 / 

00000000001/ 



00001000000 
00100000000 
01000000000 
10011101001 
10000000000 
00000100000 
110 11111 
010 
00000000100 
00000000010 / 

00000000001/ 



Pl(rf) = 



0111101 OOOlx 

10111011100* 

00110111010 

00000010000 

00011110111 

00000100000 

0010 

00000001000 

00000000 100 

00000000010 / 

00000000001/ 



Pl{t) = 



01000000 
10011101 
01001111 
10111011 
01111010 
00000000 
11010101 
00000001 
00000100 
00000000 
00000000 



IOOn 

1 1 \ 

000 

000 

10 1 

100 

10 

100 

100 

110 

10 1 



pi(s) = 



OlOlOOOOOOOx 
10010000000 \ 
01011111100 
10 
11010110 11 
10101011100 
01110011111 
10100000111 
00001110111 
000 100000 10 / 

00010000001/ 



lOOOOlOOOOOv 
10011001001 \ 
00110011010 
00000110000 

11000010011 
1 
10 10 
00000100 10 
00000100100 
00000101000 
0000010000 



Pi{i) 



lOOllOOlOOlx 
01000100000 \ 
11010001110 
00010100000 

00001100000 
1 
10 10 1110 
00 0101000 
00000100100 
11101000101 
00000 10000 



iJ 



piU) = 



OlOOOOOOOOOx 
10000000000 \ 
00 0100000 
00010000000 
00100000000 
00000000 100 
01100011111 
00000001000 
00000100000 
00000000010 , 

11101100101/ 
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(c) The second irreducible representation (p2,V2) of A4 23 is described by the 
transpose inverse matrices of the generating matrices 0/AI23 defining 

P2{a) = [pAarT. P2{b) = [Pi{b)-T, P2{c) = bi(c)-T, 

P2{d) = [pM'T, P2{t) = P2(.9) = 

(d) dimF[i?^(Al23,V^i)] = 1 and dimF\H'^{Miz,V2)\ =0. 

(e) The presentations of the split extensions Ei and E2 of M23 by Vi and 
V2, respectively, can be constructed from the matrices of (b) and (c) using 
Magma. 

(f) The unique non-split extension E of A^23 by Vi has the presentation 

E = {ai,bi,ci,di,ti,gi,hi,ii,j-i,Vi | 1 < i < 11) 

with set '1Z{E) of defining relations consisting of the following set of re- 
lations: 

al = bl=ci=dl=tl=gi = ht=j! = l, 

(61, ai) = (ci,ai) = (di,ai) = (/ii,ai) = (ci,6i) = {di,bi) = (di,ci) = 1, 

i.h,bi) = (ji,ci) = (.71,51) = 1, 

= 1 for l<r < 11, 
{vr,Vs) = 1 for 1 < r, s < 1 1 , 

ai^ViaiV2^v^^VQ^Vy^v^^VQ^ = ai^V2aiV2^v^^VY^v^^Vg^ViQVii — 1, 

a^^VsaiVj^ = a^^vjaiv^^ — a'^^v/^axv^^v'^^v'^'^v^^v^^v^Q = 1, 

aj"^t;5aiwf ^ufo^wfi^ = 1, 

(ai.i-Yi) = (04. (.'s) = (ai.^-'!)) = (ai-'''io) = (ai-''^ii) = 1, 

6]"^i!i6ii!^"^ = b'{^V2b\v^^ = b^^v-ibivl^ = b^^v^biv^^ = 1, 

b^'^V4biV^'^V2^v:['^VQ'^V^'^Vg^V^Q = 1, 

{b,,v,') = (&i,«s-i) = {b^,v^') = (61,0 = (6i,«ri') = 1, 
bi^vrbiVi^V2^VQ^v^^ViQVii = Ci^viciv^^ — Ci^V2Civ^^ = 1, 
c^^V3CiV2^ = c^^vsciv^^ = cJ"^t;4Cit;f ^ii^^Ug = 1, 

(ci,w^^) = (ci,t^8^) = ici,Vg'^) = (ci,t;fo^) = (ci,t;n^) = 1, 

c'^^VrCiV2^v^^v^^v^^Vg^v^i^v^^ = d^^VidiV2^v^^v^^v^^v^^v^^ = 1, 
di'^V2div^^v^^v^^v^^Vj^Vg^Vg^ = d^'^v^div^^v^^v^^v^^^Vg^^v^Q = 1, 
di^V4diVj^ = d^^v^div^^ — di^vr^div^^Vc^^Vg^Vj^Vg^v^^^Vii = 1, 
idi,VQ^) = {di,Vg^) = (di,v^^) = {di,v^„^) = (di,v^^) = 1, 

t^^VitiV2^Vg^ = t^^VQtiVg^ = t^^V2tlV^^V4^^V^^VQ^Vg^Vg^V^-^ = 1, 
t^^V3tiV2^V^'^VQ'^v:^'^V^'^ = t^'^V4tlV^'^V^^V4^V^^Vj'^Vg^ = 1, 
tf^UstlW^^Wg ^Uj^U^^Uf ^Wg ^Wf/ = t^^WyiiUf ^U^^Wj^Wg ^Wg ^Ufo^ = 1, 

t^'^vstiv^'^Vg'^ = t^'^ygtiV^'^Vg'^ = t^'^ViotiVg^v^tl = t];'^jjntiv^^t\^^ = 1, 

9l^VigiV2'^V4'^ = fifr^^2fflWr^^^4 ^ = 9l^'"3giV2^V^^V^^VQ^Vj^V^^Vg^ = 1, 
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9i^viogiv:^^v^Q = gi^viigiv^:^^^^ = h^^ihiv^^Vg^ = 1, 
hi^VihiVQ^VY^ = {hi,VQ) = h^^V2hiVi^v^^v^^Vg^v^f^ = 1, 
K^vahiv^^v^^v^^Vg^ViQ = hi^V5hiv^'^V2^v:^^ViQVi-^ = 1, 
h^^vrhiv^^VQ^ = h^^vshiVQ^v^Q = h^^vghiVQ^VQ^ = 1, 
hi^viohiVQ^v^^ = h^^vuhiVg^v^^ = i^^viiiv^'^v^^v^^Vg^v^^ = 1, 
ii^V2iiV2^VQ'^ = i^'^V4iiv^^VQ'^ = h^vsiiv^^VQ^ = 1, 
h^vsiiv^'^v^'^v^'^Vg'^Vg'^v^Q = 1, {ii,ve) = 1. 
i^'^VYiiV2^v^'^v^'^v^'^Vg'^ = ii^viiiiv^'^v^-^^ = H^vsiiVg^v^^ = 1, 
i^^^vgiiVf^^v^'^ = i^^vioiiv^^V2'^v^^v^^Vg^v^^ = 1, 

jl''VljlV2^ =jl^V2jlV^'^ ^Jl^VsjiV-'^ = (jl,W4) = {jl,V8) = 1, 
(jl,Wlo) = jr^^'5jl«3"^ = ir^WejlV^ = Jl^VgjiVQ^ = 1, 

if ^W7iiw^^t;i"^t;f ^w^^wg ^wfo^Wn = ji^viijiv^^V2^v^^v^^VQ^VQ^v^i^ = 1, 

tf^^ai^idf ^cf^ii^^?;^^ = ti^bitid^^a^^Vg^Vg^ = 1, 

if^ci^idf ^^f^ii^^t;^^ = ti^ditic^^b^^a^^v^^V2^v^^v^^Vg^ = 1, 

(5l6l)3z;f Iz;2-lv3-lv5-lvg-lw-l = {g^Cif = 1, (iiii)^ = 1 

hiVg^ — 1, /if ^6i/ii(if ^af ^wf ^Ug^^Ug^^Vg'^ = 1, 
hi^cihiCi^ai^Vi^V2^v^^v^^VQ^VQ^ = h^^dihidi^VQ^ = 1, 

h^hihifivg^ = igih,fv^^Vj^Vg^v^vY^ = 1, 
h ^aiiidf ^cf ^uf S>f S>f S'f ^uf ^!'(7 S;f/^;f^^ = 1, 

if ^ciiidf ^cf ^fef ^af ^wf ^uf ^wf ^uf ^wf ^Wg-^wfo^ufi^ = 1, 

if ^diiidf ^cf ^6f ^ = if 4iiiti = if \9i«i.9f ^tf ^wf ^wf ^wf ^V^'^^ro^'^'ri^ = 1' 

(ft,iii)^vf ^wf ^wf ^wf ^wf ^wf ^wfo^ = jf ^aijicf^6fVf^ = 1, 

if ^dijidf^cf^wf^w^^wf ^wf ^ =if^iiiiii = 1, if ^/iiii/if^tf^ = 1- 

Proof. The 2 irreducible F Al23-inodules Vi, i = 1,2, occur as composition fac- 
tors with multiphcity 1 in the permutation module (1^422)'^^'^ of degree 23 where 
■A422 = {ai,bi,ci,di,ti,gi,hi,ii). They are dual to each other. Using the faith- 
ful permutation representation of M23 stated in (a) and the Meat-axe Algorithm 
implemented in Magma one obtains the generating matrices of M23 stated in (b) 
defining Vi. Their dual matrices define V2. They are stated in (c). 

(d) The cohomological dimensions diinp[H'^{A423,Vi)], i = 1,2, have been cal- 
culated by means of Magma using Holt's Algorithm 7.4.5 of [12]. Its hypothe- 
sis is satisfied by the presentation of M23 stated in Definition 8.2.1 of [12] and 
all the data of (a), (b) and (c). It follows that dimplH'^ {■M23,Vi)] = 1 and 

dimF[H^{M23,V2)] = 0. 

(e) This statement is checked easily with Magma. 
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(g) The presentation of the non-spHt extension E has been obtained by means 
of the commands ExtensionProcess and Extension of Holt's Algorithm 7.4.5 of 
[12] implemented in Magma [7]. This completes the proof. 

□ 

The first statement of the following subsidiary lemma is mainly due to Paul 
Young. 

Lemma 3.2. With the notations of Lemma 3.1 the following statements hold: 

(a) The non-split extension E of by its simple module Vi has a faithful 
permutation representation PE of degree 1012 with stabilizer U generated 
by the two elements (ii^ji^bigi)"^ and 

(b) E = {ai,bi,ci,di,ti,gi,hi,ii,ji). 

(c) E has 3 conjugacy classes of 2-central involutions. They are represented 

by Zi = (digi)^ . Z2 = hf and Z3 = gf. Their centralizers have orders 
\Ce{zi)\ = 218.32.5-7-11, \Ce{z2)\ = 2i8.32.5-7 and \Ce{zz)\ = 21^.32.5. 

(d) D = Ce{zi) = {xi,yi) and E = {D,e\) where x\ = a\, y\ = bigihiii and 
ei = ii have respective orders 1, 14 and 2. 

(e) E = (a;i,j/i,ei) has 56 conjugacy classes. A system of representatives is 
given in Table A.l. 

(f) D = {xi,yi) has 69 conjugacy classes. A system of representatives is given 
in Table A. 2. 

(g) The character tables of E and D are given in Tables B.l and B.2, respec- 
tively. 

Proof, (a) The two generators of the stabilizer U have been found by means of a 
program due to P. Young. Using the Magma command CosetAction(E,U) one 
obtains a faithful permutation representation PE of E with stabilizer U and degree 
1012. 

(b), (c) and (d) These statements are easily checked using the permutation rep- 
resentation PE and Magma. 

(e) and (f) The faithful permutation representation PE of E, Magma and 
Kratzer's Algorithm 5.3.18 of [12] arc employed to calculate a system of repre- 
sentatives of all conjugacy classes of D and E in terms of their generators given in 
(d). The results are stated in Tables A.l and A. 2. 

The results of (g) were computed by means of Magma. 

□ 
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4. Construction of the 2-central involution centralizer of Fi23 

Let Zi denote the central involution of the extension E of A^23 defined in Lemma 
3.1 and let D = Ce{z\). Then in the following subsidiary result it is shown that 
Di = D / {zi) is isomorphic to the extension E2 = -E'(Fi22) of Lemma 3.1. As 
proved in [9], the Fischer's simple group Gi = Fi22 can be contructed from the 
group £>i by Algorithm 7.4.8 of [12]. Unfortunately, (in 2007) Magma was not 
able to perform all steps of Holt's Algorithm to establish the 2-fold cover H of 
Gi from the presentation of the given group Gi. Therefore the author constructs 
first all the central extensions H2 of the centralizer Hi = Coiit) of a 2-central 
involution t of Gi by a cyclic group of order 2. It will be shown that one of them 
has a Sylow 2-subgroup which is isomorphic to the ones of D. Thus H2 which will 
be a subgroup of H is uniquely determined up to isomorphism. 

The group H, with center Z{H) = (zi) such that H/Z{H) = ¥122, isomorphic to 
the centralizer of a 2-ccntral involution of the target group ©, is then constructed by 
means of Algorithm 2.1 as a matrix subgroup 9) of GL352(17). In this way a faithful 
permutation representation representation of degree 28160 and a presentation of H 
are built. All these results are described in this section. 

Proposition 4.1. Keep the notations of Lemma 3.1 and 3.2, and let 
E = (ai, 5i, ci, rfi, ti, 9i, /ii, zi, ji, f j|l <i < 11) be the nonsplit extension of M.23 
by its simple module Vi of dimension 11 over F — GF(2), and D = Ce{zi), where 
zi = {diQi)^. Then the following statements hold: 

(a) zi = {digi)^ is a 2-central involution of E with centralizer D = Ce{zi) of 
orrfer 218.32- 5- 7- 11. 

(b) D = {xi,yi), z\ = {xiyfy and E = {D,e\), where xi = ai, yi = bigihiii 
and ei = ji have respective orders 2, 14 and 2. D has a center of order 2, 
generated by Zi . 

(c) V is a unique normal subgroup of D of order 2^^. V is elementary abelian, 
and has a basis B = {zi.Vi 1 1 < i < 10}, where 

vi = yl, V2 = {xiyixif, V3 = (xiyixiyl)^, V4 = {xiylxiyif, 
V5 = {yixiyfxif, vq = (xiyiXiyfY', vj = (xiyfxiyif, 
V8 = {xiyiy, vg = {yixiyixiyff , vio = {ylxiylf . 

(d) V\ = V/{zi) has a complement Wi in D\ = D/{z\) such that Wi = M.22- 

In particular, Di = E{¥\22) defined in Proposition 3.3 in [9] (in [9], 
E{F\22) appears as E2). 

(e) Let zi = {xiyiY '^'^^ 10 basis elements ofB given in (c). Then 
D = {x\,y\) has the following set 'R-{D) of defining relations: 

zl = l,(a;i,2:i) = {yi.zi) = 1, 

^2 = 1^ for all l<i< 10, 

{vj,Vk) = 1 for all 1 < j < k < 10, 

xl = yi'^vi = {xiy^^f = (yf^xiyixi)^ = {y^^xiYzi = 1, 

{yi^xiylxiy^'^xifv2 = (a;iy]"^a;iyi)^uiV2t;3t;4V7V8't^io = 1, 

{yiXiyiXiyiXiyiXiy^^xiyi)'^viV3V5V6VQZi = 1, 

xiyi^xiyixiy^xiy^'^xiy^'^xiylxiyixiy^'^xiylxiyixiyivivavevszi, 

yiXiylxiyiXiyY'^xiy^^xiyiXiylxiy^'^xiyY^xiV4V8Vio = 1, 
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XiViX-^ V2 = X1V2X1 Vi = X1V3X1 V5 = X1V4X1 VSV4V5 = X1V5X1 Vs = 1, 
XiVqXi^ViV2Vq = XiVrXi^ViV2Vj = XiVsXi^V4VqVq = 1, 



XiVqX-^ V-1V2V3V4V5V6VS = 1, 
-1 



xiViQX-^ iiiwswswgwio^i = yiviy vi = yiV2y W3W4«5Wio = 1, 
yiV3y~^viV3V4Zi = yiV4y~^V5 = yiV5y~^v2VevsVgzi = yiv^y^'^VQ 



yivry viV2Vg = yivsy i'i-y2'y3f4-zi = yivgy vivevrvgzi 

yiVioy~^V2V4V5V7Zi = 1. 



1, 



(f) The involution t 
-S- 5. 



(xiyixiyf)^ of D has a centralizer T = Cr>(t) of order 



Proof, (a) and (b) are restatements of Lemma 3.2. 

(c) It can be checked by means of the Magma command 

Subgroups (D : Al : = " Normal ' ' ) 

that D has a unique normal subgroup V of order 2^^, and that V is elementary 
abelian. Now, by moans of 

GetShortGens(sub<D|x_l,y_l>, V : exclude : =sub<D | z_l>) 

we get the 10 generators Vi which together with zi generate V. Since V is elementary 
elementary abelian, we can regard the generators as a basis. 

(d) As zi S V it follows that Vi = V/{zi) is the unique normal subgroup of 
Di = D/{zi) of order 2^'^. Clearly, Vi is elementary abelian. 

Applying the Magma command CompositionFactors (D) one sees that Di /Vi = 
D/V = M22- Thus Lemma 2.4(d) of [9] asserts that Di splits over Vi. 



Let Mx and My be the matrices of the generators xi and yi of D w.r.t. 
basis B of V. Then 



the 



Mx = 



100000 
001000 
010000 
00000 1 
000 111 
000100 
11000 
11000 
000010 
11111 
110100 



OOOOOx 

00000 \ 

00000 

00000 

00000 

00000 

10000 

01000 

10010 

10100 

00111 



My = 



V 



lOOOOOOOOOOx 
01000000000 \ 
00010000100 
11011011011 
0000101 1011 
00001000000 
01010 001100 
10010011110 
11000111000 
00000010000 

1 1 1 1 1 



U i u u u u / 
000000/ 



Both matrices are blocked lower triangular matrices with upper left diagonal 
blocks equal to 1 and lower diagonal 10 x 10 blocks Mxi and Myi in GLio(2). 
Hence Di/Vi = Wi, where Wi = {Mxi,Myi) < GLio(2). Applying the Magma 
command FPGroup(sub<GL(10,2) |Mxl,Myl>) to Wi one obtains the following set 
TZ{Wi) of defining relations of Wi = {xi,yi): 



xl 



1, 



yl 



1, 



{xiyi^y = 1, (yi^xiyixi)^ = 1, (yi^xiY = 1, 
iVi'^xiy'^xiy^'^xi) = 1, {xiy^'^xiyif = 1, 
{yixiyixiy1xiyixiy~'^xiylf = 1, 

xiyi^xiyixiylxiy^^xiy^^xiyfxiyixiy^^xiylxiyfxiyi = 1, 
yixiyfxiyixiy^'^xiy^^xiyixiylxiy^^xiy^^xi = 1. 



Let PDi be the faithful permutation representation of Di of degree 1024 with 
stabilizer Wi. Let E2 = £{¥122) be the finitely presented group of Lemma 2.4(f) 
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of [9] with faithful permutation representation PE2 defined in Lemma 2.6(a) of [9]. 
By means of the Magma command IsIsoinorphic(PE_2,PD_l) it is verified that 

Di is isomorphic to £2- 

(e) By means of Magma the semidirect product Di = {xi,yi,Vi | 1 < z < 10) 
of Wi hy Vi = {vi \ 1 < i < 10) has a set of defining relations TZ{Di) consisting of 
TZ{Wi) and the following set of relations: 

vf = 1, {vj,Vk) = 1 for all 1 <i,j,k< 10, 

XiViXi^V2 = XiV2Xi^Vi = XiVsX^^Vq = 1, 

a;iU4a;;i"^W3W4W5 = xiv^x^'^v^ = 1, 
xiVex^^viV2VQ,xiVrx^^viV2V7 = 1, 

XiVsX^''^V4VeV9,XiVgX^'''ViV2V3V4V5VeVs = 1, 

a;iVioa;j"^t;it;3U8t;9t^io = yi^iyf^ui = 1, 

yiV2yT^V3V4V5Vio = yiVaVi^ViVaVi = 1, 
yiV4yT^V5 = yiV5y^^V2VeV8Vg = 1, 

yivevT^vg = yiVryi^viV2Ve = 1, 

yiV8yi^ViV2V3V4 = yiVgy^^ViVeVrVg = yiVioy^^V2V4V5V7 = 1. 



By (c) each Vi is a word in the generators xi and yi of D. Evaluating the 
relations of TZ{Di) in Z?, we get that each relation has value equal to either 1 or zi. 
Appending zi to appropriate relations, we get the defining set of relations 'R-{D), 
as written in the statement. 

□ 



Proposition 4.2. Keep the notations of Proposition 4-1 ■ The following statements 
hold: 

(a) Let Hi — (r^jl < i < 14) = -ff(Fi22) be the finitely presented group 
constructed in Proposition 3.3(n) of [9] (for the notation, hi's in Propo- 
sition 3.3 (n) of [9] are replaced by ri's). Then Hi has a central extension 
H2 = {kj I 1 < i < 15) of order 2^* • 3'' • 5 having the following set ofTZ{H2) 
of defining relations: 

1,2 _ , 5 _ 1,3 _ jL3 _ J.2 _ 7,2 _ . 2 _ 1 

1.2 _ J.2 _ - 4 _ , 2 _ . 2 _ . 2 _ . 2 _ ,2 _ 
I^S ~ ~ '^10 ~ '^11 ~ '^12 — '^13 ~ '^14 ~ '^15 ~ 

(A;i,A;i5) = l for 1 < i < 14, 
(A;i,A;i4) = l for 1 < i < 13, 

{h,ki3) = l for 2<i<12, 

(k^jki) = 1, k^^k2kik2^k3ki = 1, 
{k2^ki)'^ — 1, k^^ k2k^^ kik2k3kik2^ = 1, 

(^2^3-^)^ = 1, {ki,k2\k4) = l, 

kik^ kik^ kik^kik^ 1, ^2 ^3 kik2 k^k^kik^ ^— 1, 

k2k'^^k2kik2k^^k2^k3kji = 1, kik^k^^ k^kski^ = 1, 
kik^ki^k^kil = kikrki^k-jkgki^ = fcifcgfcf ^/cg = 1, 
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kikioki^k^kgkiQkiiki^ki^ki^ = 1. 
fcifciifcr^^9^i;/^i5^ = A;ifci2fcf ^fci2/cf/ = 1, 
k2k5k2^k'ikek7kilk^^ — k2kQk2^k7ksk^^k^^ = 1, 
k2k7k2^kQk-!k^lk^^ = k2ksk2^k5kQk7ks = 1, 
k2kQk2^k^kQkiokiik^^k^lk^^ = 1, 
k2kiok2^krkskgk^^ = k2kiik2^k^k\2k^lk^^ = 1, 
k2ki2k2^kekrk8kioki2 = ksk^k^^kek^^ = 1, 
kskek^^k^kek^^ = kskrk^^ k^ksk^^ = 1, 
kzksk^^k^kekrks = k^k^k^^k^k^k^k^l = 1, 
kskiok^^kekgk^^ = ksknk^^ kgki2k^l k^^ = 1, 
k3.ki2k^^kzkiQkiiki2k^^k^l = 1, 

kikgk^^k^k^l = k4^k7k^^k6kiokiiki2k^lk^^ = 1, 

fc4fc8fcJ^A;5fc6fciofciifcf3^fcj^^A;{5^ = 1, 

k4,kgk^^kr,kekiiki2k^l = 1, 

kAkiokl^kgku)ki2ky^k^lk^l = 1, 
ki,kiik^'^kr,kQk-!k^kgkiik^^k^l = 1, 

k/^k\2k^ ^5^7^10^11^14 ^ ^10^14 ^15 ~ 

(fcs, fee) = (fts, fcr) = (fcs, /cs) = {k^, kg) = 1, 

fcg /uj^Q /csfciofcj^^ = fcg fc^]^ fcsfciifc]^^ = 1, 

(A;5,A;i2) = (fce.fcy) = (^6,^8) = 1, 

k^ kg k^kgk-^^ k-^r^ = k^ k-^Q k^kiok-^^ k-^r^ = 1, 

fcg kii fcgfciifc-i^^ fcj^g = 1, 

(fee, fci2) = (fc7, fcs) = (/cT, fcg) = (fcs, fcio) = (^8,^:12) = 1, 

^7 ^10 ^7^10^14 ^15 ~ ^7 ^11 ^7^11^14 ^15 ^ 1? 
/ty fc-|^2 ^7^12^14 ^15 — ^8 ^9 ^8^9^14 ^15 ~ I5 
fcg fc]^]^ A;8fciifc]^4 = 1, 

{kg. km) = (fcg.fcii) = (fc9,fci2) = (fcio,A;i2) = (A;ii,fci2) = 1, 

^10 ^11 ^10^11^14 ^15 — !• 

(b) H2 has a faithful permutation representation of degree 2048 with stabilizer 
U2 = {ki,k2,k3,k4). 

(c) H2 has a Sylow 2-subgroup S2 generated by the four involutions mi = ki, 
m2 = {k2kik2k4,k^)^ , tos = (^2/01/02)^ and = {klk2k4k2k4)^ . 

(d) A2 is the unique maximal elementary abelian normal subgroup of S2 of 
order 2^^, and is generated by the following 11 elements: 

mi, (77127714)^, (77237724)^, (777,177237)7,4)^, (772277237724)^, 

(7721772277237724)^, (7721772377217724)^, (7722772377227724)^, 

(7722772377247722)^, (77li77l27723772i7724)^, and (tTIi 7722772377227724)^. 

(e) D2 = Nh2{A2) = {p2,q2) where p2 = kik2 and q2 = ki{kik5k4k2)^ . Here 
P2 and 52 have orders 4 a72d 6, respectively. 
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(f) H'2 = (£>2)^2) = {P2,<l2,h2) where /12 = has order 3. 

(g) There is an isomorphism a : D2 — > T s.t. a{p2) = Pi = {uiU2U4UeUT)^ and 
'^{12) = qi = {wiW2'W3W4W2W3W4)^ , where 

ui = {xiyfy, U2 = (xiyixiyf)'^, = {ylxiylf , 

U4 = {ylxiylf , U5 = xiyixiyixiyixiylxiyixiyi, 

U6 = {yfxiylxiylxiyfxiyif, u-j = {y\xxy\xiyixiyixxyxxxy\x{f . 

and 

wi = {siy, W2 = {s\s%s\sls-if , 

W3 = sfs2S?sis?, "^4 = (sfsisf S2sfs2sf)^ 

where si — Xiy^Xi and S2 = {xiyiXiyf)^ . 

(h) So, D = {pi,qi,xi,yi), T = Coit) = {pi,qi), i?2 = (P2,a2,/i2), and 

L»2=iVff,(A) = (p2,«2). 

(i) A system of representatives ri of the 189 conjugacy classes of H2 and the 
corresponding centralizers orders |C/f2('fv)| are given in Table A. 3. 

(j) A system of representatives di of the 151 conjugacy classes of D2 and the 
corresponding centralizers orders \CD2idi)\ are given in Table A. 4. 

(k) The character tables of H2 and D2 are given in Tables B.4 and B.5, respec- 
tively. 

Proof, (a) By Tabic A. 8 of [9] the simple group Fi22 has a unique conjugacy class of 
2-central involutions, represented by an element u. Theorem 5.1 of [9] asserts that 
Hi = Cpija (w) is isomorphic to tlie finitely presented group Hi = {ri \ I < i < 14) 
constructed in Proposition 3.3(n) of [9] (with notation changed from hi in [9] to 
ri here). Hi has a faithful permutation representation PHi of degree 1024 with 
stabilizer {ri,r2,rs,r4) by Lemma 3.4 of [9]. 

Let F = GF(2), and let M be the trivial FiJi-module, which can be constructed 

in Magma by the commands 

FEalg := MatrixAlgebra< FiiiiteField(2) , 1 | [[1] : i in [1 . . 14] ] > 

and 

M := GModule(PH_l, FEalg). 

Using the faithful permutation representation PHi and the Magma command 

CohomologicalDimension(PH_l , M, 2) 

we get that this cohomological dimension is 3. For each of the eight 2-cocycles 
(o, b, a) with a,b,c € F, Magma constructs a finitely presented group E(^a,b,c) by 
means of its commands 

P := ExtensionProcess(PH_l,M,H_l), 

E_{a,b,c} := Extension(P, [a,b,c]). 

Since D is a non-split extension of Di by (zi) the split extension iJ(o_o,o) can be 
neglected. 

It is chcicked by means of Magma using the faithful permutation representation 
PD of D of degree 1012 that -E(i,i,o) is a non-split extension of order 2^* ■ 3'' • 5 of 
Hi having a Sylow 2-subgroup which is isomorphic to any of the Sylow 2-subgroups 
of D. The presentation of H2 = -^(1 1^0) is given in the statement. 

(b) The Magma command CosetAction(H_2 ,U_2) for the subgroup U2 = 
{ki,k2,kz,ki) of the finitely presented group H2 gives the faithful permutation 
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representation of H2 of degree 2048. We know it is faithful because the order of 
the resulting permutation group has the correct order 2^^ ■ 3^ • 5. 

(c) A Sylow 2-subgroup ^2 of H2 can be obtained by the Magma command 

S_2 := SylowSubgroup(H_2,2) 

and its generators can be obtained by the command 

GetShortGens (H_2 , S_2), 

which gave the four generators mi = ki, TO2 = {k2kik2k4kr,Y' , 777.3 = (^2^i^2)^ and 
mi = {k\k2kik2ki)^ , as asserted. The four generators of ^2 all have order 2. 

(d) It can be verified by the Magma command 

Subgroups (S_2 : Al:=' 'Normal' ' , IsEleinentaryAbelian:=true) 

that 5*2 has a unique maximal elementary abclian subgroup A2 of order 2^^. Now 
the generators for A2 can be obtained by the command 

GetShortGens (sub<H_2 1 m_ 1 , m_2 , m_3 , in_4> , A_2) , 

which gave the 11 generators as written in the statement. 

(c) Letting 

D_2 := Normalizer(H_2,A_2) 

yields a subgroup D2 of H2 of order 2^^ • 3 ■ 5, and its generators can be obtained 
by the command 

GetShortGens (H_2 , D_2 ) , 

which gave the two generators P2 = kik2 and q2 = fci(/ciA;5fc4fc2)^, having orders 4 

and 6, respectively 

(f) It can be verified with Magma that H2 = {D2,ki) = (p2, 92,^4). We let 
h2 = ki, and it is easy to check with Magma that /12 has order 3. 

(g) The isomorphism a : D2 ^ T can be obtained by the Magma command 

IsIsoinorphic(D_2,T). 

Recall that T is a subgroup of D = {xi,yi). For documentation of this isomorphism 
a we need to get words for a{p2) and a{q2) in terms of Xi and yi. Now, for 
convenience, let pi = a{p2) and qi = a{q2). 

In order to obtain short words for pi and qi, the author employed Strategy 1.22. 
First, it is checked with Magma that A?£)((pi)) has order 2®, and it is obtained 
by GetShortGens that Nn{{pi)) = (ui, U2, W3, Ue, W7), where the words Ui 
through ur are as written in the statement. Then, the command 
LookupWord(sub<D|u_l,u_2,u_3,u_4,u_5,u_6,u_7>, p_l) gave the answer pi = 

Note that gi has order 6, since so does 52- It can be checked with Magma that the 
Nd ( (91 ) ) has order 2^ • 3^ and that Cd (gf ) has order 2^'^ • 3^ • 5 • 7. It is easy to observe 
that Noiiqi)) < C_D(gf). Employing Strategy 1.21, we can find out that Cniqi) = 
(si,S2) and NoHqi)) = {wi,W2, 103,104), where si = XiyiXi, S2 = (xiyixiyf)'^ , 
Wi = {siY, W2 = (sfs|sis|si)^, W3 = sfs2sfs2sf, and IU4 = (s|s2SiS2S-f S2Si)^- 
Finally, the command LookupWord(sub<D|w_l,w_2,w_3,w_4>, q_l) successfully 
gave the word for gi, namely gi — {wiW2W3W4W2'W3W4)^ . 

(h) From (g) we know that D2 = {P2,q2} and a : £'2 ^ is an isomorphism, 
and also that pi = a{p2) and gi = a(g2). Therefore we have T = (pi,gi). Since 
D = {xi,yi), it is clear that D = {pi,qi,xi,yi). It is verified in (f) that H2 = 
(£'2,^4) = {P2,q2,k4)- 
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The results of (i) and (j) can be obtained by applying Kratzer's Algorithm 5.3.18 

of [12] in Magma to the relevant groups, with generators as stated in (h). The 
results of (k) were computed by means of Magma. 

□ 

It will be shown in the rest of this section that the free product H2 *d-> D of H2 
and D with amalgamated subgroup D2 has an irreducible 352-dimensional faithful 
representation over GF(17) which gives rise to the group H such that |.Z(-ff)| = 2 
and H/Z{H) ^Fi22. 

Theorem 4.3. Keep the notations in Proposition 4-2- Let K = GF(17). Using 
the notations of the character tables of B.4, B.5, and B.2 of H2 = (j32, 92, /12), 
D2 = {P2,Q2), D = {pi,qi,xi,yi), the following statements hold: 

(a) The smallest degree of a non-trivial compatible pair {x, t) e mfcharc{H2) x 
mf charc{D) is 352. 

(b) There are exactly two compatible pairs (x> ''')) (x'l ''"') S mfcharc{H2) x 
mf charc{D) of degree 352 of H2 = (-D2, h) and D = {a{D2), x, y): 

ix, r) = (X57 + X40 + X41, Tg + no) 

and 

ix', t') = (X31 + X34 + X40 + X41, Tg + no) 

with common restriction 

X\D2 = T|a(D2) = X'\D2 = '^|a(£>2) = V'26 + V'27 + ^1^59 + ^1^63 + i>70 + ^1^73, 

where irreducible characters with bold face indices denote faithful irreducible 

characters. 

(c) Let 23 and W be the up to isomorphism uniquely determined faithful semi- 
simple multiplicity-free 352-dimensional modules of H2 and D over F = 
GF(17) corresponding to the compatible pairxTT, respectively. 

Let kqj : H2 GL352(17) and k<sj : D GL352(17) he the representa- 
tions of H2 and D afforded by the modules 23 and 223, respectively. 

Let p2 = K<xi{P2), q2 = K<s{q2), h = i^<s{h2) in k,<io{H2) < GL352(17). 
Then the following assertions hold: 

(1) 23|£)2 — ^\a{D2)! C'^d there is a transformation matrixTi G GL352(17) 
such that 

p2 = 'T{'^Kw{pi)Ti, q2 = T{~^Kw{qi)Ti- 

(2) There is a transformation mutrix Si G GL352(17) such that 

p2 = >Sf ^p2>5i, q2 = >5f ^q2>5i, 

and that if we let 

J2 = {riSx)-^nw{xi)riSx e GL352(17), and 

t)2 = {riSi)-^Kw{Vl)riSi G GL352(17), 

then i5 = (p2, q2, ?2, t)2, f}2) = (?2,t)2,f)2) satisfies the Sylow 2-subgroup 
test of Algorithm 7.4-8 Step 5(c) of [12]. The proof showing that Sj 

satisfies the Sylow 2-subgroup test is split into two parts; first half is 
shown in the proof of this theorem (namely, the order of \)2l2 has to be 
the order of an element in 2Fi22; it turned out to be 12 in this case), 
and the other half in Theorem 4-5. 

(3) The three generating matrices of Sj are stated in [10]. 
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(d) The construction shown above in (c) can be applied to the compatible pair 
X',t'. However, there is no solution in this case which satisfies the Sylow 
2-subgroup test of Algorithm 7.4-8 Step 5(c) of [12]. 

Proof, (a) The character tables of the groups H2,D2, and D are stated in the 
appendix. In the following wc use their notations. Using Magma and the character 
tables of H2,D2, and D and the fusion of the classes of D2 in H2 and T = CD{t){= 
D2) in D, an application of Kratzer's Algorithm 7.3.10 of [12] yields the compatible 
pair stated in assertion (a). 

(b) The application of Kratzer's Algorithm 7.3.10 of [12] also shows that the pairs 
(x, t) and (%', t') of (b) are all the compatibles pairs of degree 352 with respect to 
the fusion of the Z)2-classes into the H2- and into the Z)-classes. 

(c) In order to construct the faithful irreducible representation 5J correspond- 
ing to the character x = X57 + X40 + X41 of degree 352, the Magma command 
LowIndexSubgroups (PH_2 , 1500) is applied, using the faithful permutation pre- 
sentation PH2 of H2 of degree 2048. Magma found subgroups Ui,U2, and U3 such 
that the followings hold. 

Ui is of index 480 in H2, and X57 (dimension 160) is a constituent of the permuta- 
tion character (1;/ J . The program GetShortGens(PH_2, U_l) gives a generating 
set of Ui, so we have Ui = (^2/12^2, (^292/1292)^, (92/12^2)^, (^2P292^2g2)*')- Using 
Meat-axe Algorithm to the permutation module (l^/J^^^ author obtained the 
irreducible i4riJ2-module 2J57 over K corresponding to X57- Here, the permutation 
module (lu^)^^ is obtained by applying the Magma command PermutationMatrix 
to the generators of the permutation group obtained by CosetAction(PH_2, U_l). 

U2 is of index 512 in H2. and Xio (dimension 96) is a constituent of the per- 
mutation character (l^s)'^^- By GetShortGens we get U2 = {{(l2P2h2)^ t {(l2h'2Y , 
{p2h2q2P2)^i (p|(jf /i2)^)- By applying the Meat-axe Algorithm to the permutation 
modidc (lc/2)^^ J the irreducible i4r/f2-module 5J40 corresponding to X40 is obtained. 

U3 is of index 512 in _ff2, and X4i (dimension 96) is a constituent of the permu- 
tation character {lu^)^'^ . By GetShortGens we get 1/3 = (gf, (/i292)^, ((72P2/i2)^) 
((72^2^292 ^2)^)- By applying the Meat-axe Algorithm to the permutation module 
(lug)-^^, the irreducible i^_ff2-niodule 5J41 corresponding to X4i is obtained. 

In order to construct the faithful irreducible representation 21J corresponding to 
the character r = rg + tiq of degree 352, the Magma command 
LowIndexSubgroups (PD, 1500) is applied, using the faithful permutation presen- 
tation PD of D of degree 1012. Magma found subgroups S\ and ^2 such that the 
followings hold. 

S\ is of index 352 in D, and rg (dimension 176) is a constituent of the permu- 
tation character {Is^)^ . By GetShortGens we get Si = {[qip\)^ , {xiqxPiq\X\)^ , 
(xi5iXipigi)^). By applying the Meat-axe Algorithm to the permutation module 
(IgJ^, the irreducible i^D-module SUg corresponding to rg is obtained. 

52 is of index 352 in D, and no (dimension 176) is a constituent of the per- 
mutation character (Isj)"^- By GetShortGens wc get 5*2 = ((pi.'i-i9i)^, xiqiXi^ 
{piqiXipiY) . By applying the Meat-axe Algorithm to the permutation module 
(152)^, the irreducible ii'D-module SHJio corresponding to no is obtained. 

Thus, we can obtain 2T and W by letting 2J = 2J57 QJ40 ® 2J41 and 211 = 
2IJ9 ® 2IJ10, corresponding to the characters x = X57 + X40 + Xai ^.nd r = rg + no, 
respectively. Direct summation of modules here means block diagonal joining of 
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matrices, in matrix sense. For example, p2 = K<s{p2) is obtained by 
«aj(P2) = diag(K;2T57(p2),«;Qj4o(P2),«;aj4i(P2)), 

where koj^^ : i?2 — *■ GLi6o(17), K5j„ : H2 GL96(17), and : H2 GL96(17) 
are the representations of H2 afforded by the modules 5J57, 2J40, and 2J41, respec- 
tively. The other matrices c\2 = ^23(52) and 1)2 = Kg3(/i2) are obtained by a similar 
manner, by block diagonal joining. Similar idea applies to the other side W, too. 

X\D2 — T\a{D'2) means '^\B-i — ^\a(D2) = ^\T- Recall that two representations 
of a group being isomorphic means that there is some matrix T such that for every 
element of the group, the matrix for the element corresponding to one of the two 
representations is conjugate to the matrix for the same element corresponding to 
the other representation by T. However, here we have two isomorphic groups D2 
and T instead of identical groups. So, employing the isomorphism a : D2 ^ T, 
now we can see that ^\d2 — means that there is some 71 G GL352(17) such 
that KfsiDiig) = ^r^'«s2H|T(a(S'))'?i for all g G D2. 

Assuming we have such Ti , we get 

p2 = Kajpafe) = ^r^K2iT|T(a(P2))7L = Tf^Kw{pi)Ti, and 

q2 = K!0|D2(92) = T-^^^ Kw\Tia{q2))'Ti = Tf^Kw{qi)Ti, 

thus p2 = nwijPi)Ti and q2 = T^"^ i^w{<li)'^i, as desired in the statement (1). 
Knowing that such Ti should exist, we can apply the Parker's isomorphism test of 
Proposition 6.1.6 of [12] by means of the Magma command 

IsIsomorphic(GModule(sub<Y|W(pl) ,W(ql)>) ,GModule(sub<Y|V(p2) ,V(q2)>)), 

which gives the boolean value, which is true in this case, and the desired transfor- 
mation matrix Ti. So (1) is done. 

By assertion (a) and Corollary 7.2.4 of [12] this transformation matrix Ti has 
to be multiplied by a diagonal matrix S\ of GL352(17). In order to calculate its 

entries one has to get the composition factors of the restrictions Xi\D2 ^^"-^ ''j|t 
D2 and T, respectively. From the fusion and the 3 character tables B.4, B.5 and 
B.2 follows that: 

X40|r>2 = V'27 + V'63, X4i|d2 = i'2& + 1/^59, 

X57|r>2 = V'70 + V'73, and 

TqIt = ^^26 + 1p63 + 1p73, Tio|t = V'27 + V'59 + V'70- 

Thus, by applying the Meat-axe Algorithm to X4o|d2, X4i|b2> X57ID2, we get 
the i^D2-modules il26,ii27 7^159,^631^701 and ilys of D2 = T, such that 2J40ID2 — 

il27©ii63, 2J41ID2 =ii26©il59, ^57\D2 =ii70®il73, 2n9|T = il26 ® 1^63 © ii73 , and 

2IJ91T = ii26 ® 1^63 ® ^73. Then, we know that 

^\D2 = ^26 ® ii27 ® H59 ® it63 ® 1^70 ® ii73 = ^IT- 

Therefore, there is a transformation matrix <So G GL352(17) such that 
So^m{p2)So = dia,g{Kii^^{p2), Ku2j{P2), Ku^s{p2), Kii^3{p2), Ku,o{P2), Kii^s{P2)), and 
So'^miq2)So = diag(K;u26 (^2), «;ii27(92), ku^^ (92), ku^s (92), kh^o (^2), ku^s (92)), 

where Ky^,, : D2 GLi6(17), nu^^ : D2 GLi6(17), KU59 : ^2 GL8o(17), 
Kii63 : D2 GL8o(17), Kuvo ■ D2 GL8o(17), and Ku^g : D2 -» GL8o(17) are the 
representations of D2 afforded by the modules il26, it27, ilsg, 1163; ^70) and 1X73, 
respectively. This matrix can be obtained by applying Parker's isomorphism 
test to the two modules 2J and il26 ® il27 ® il-59 ® ^^63 ® -^70 ® •^73- We can assume 
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that we started with <S^^k;2j(P2)<5o, <S^^Kaj(92)<5o, and Sq^ K<x!{h2)So as p2, c\2, and 
f)2, at the beginning of the statement (c). Hence. p2 and q2 are now assumed to 
be in the block diagonal form as follows, from the beginning (then f)2 would be in 
a certain block form; although not block diagonal, it still carries the structure of 

QJ57e2J40 6 2141 ): 

p2 = diag(«;u2e (^2), Ku^y {P2), KU59 (P2), KUea (^2), Ku„, (P2), Kiiya fe)), and 

C\2 = diag(KU2e (^2 ) , {Q2 ) , Kil59 (92) , Kilss (92 ) , (92 ) , (92 ) ) • 

Now, by Schur's Lemma (Lemma 2.1.8 of [12]) and the degrees of these characters 
appearing in the restriction pattern, the following linear system in the variables 
(To, C7b, (Tc, ad, cFei cTf G K holds, where the variables aa, ^b, Cc, ^di f e, correspond 
to tlJ26,i>27,'4'59,flJ63,tlJ70,'4'73, respectively : 

96 = 16(76 + SOcTd, 96 = 16cra + 80(7,:, 160 = 80(7e + SOu/ and 

176 = 16(7„ + 80(7d + 80cr/, 176 = 16c76 + SOcr^ + SOa^. 

This system of equations in K has the solution: ctc = 8 — 7(7^, cr^ = 8 — 7 at,, 
(7e = 7(7o — 7(76 + 1) o"/ = — 7(7a + 7cr6 + 1, where (Ta and (76 run through all nonzero 
elements of K. Hence the diagonal matrix <Si has the form 

Siaa,.,) = diag{a'f, al^ [8 - 7(7„]«°, [8 - 7(76]'°, [7(7„ - 7(76 + 1]'°, [-7(7„ + 7(76 + 1]'°) 

for suitable elements (7a, (76 S -ft'. Recall that p2 and q2 are in the block diagonal 
form as described above, where the sizes of the blocks are 16, 16, 80, 80, 80, and 
80, in this order. Therefore, for any (7o and C76 in K, the diagonal matrix <S(CT^,o-i,) 
centralizes the two matrices p2 and q2. 

Let 

H<Tt,a^) = i'^i^i^b-'Td)) ^ '«2ii(-i^i)^i'5(ff,,a<i), and 

Then the field elements (7a, at have to be chosen so that all the entries on the main 
diagonal of the matrix ^(cr^,^^) are nonzero and that the matrix group 

satisfies the Sylow 2-subgroup test of Algorithm 7.4.8 Step 5(c) of [12]. The test 
used here is the order of ^aa.o-t^2', the order has to be the order of an element in 
2Fi22. Running through all possible pairs {aa,(7b) & it follows that this test is 
only successful for the pair {aa,(Jb) = (15,9), giving the order of^aa,<Tb^2 equal to 
12. 

Now, let Si = 5(15,9), y2 = {TiSi)~^ K<ra{xi)TiSi, t)2 = {TiSi)~^ K<s3{yi)'TiSi, 
and 9) = (p2, q2, y2, t)2, f)2)- Then we have p2 = <Sf^p2<Si, q2 = S{^q2Si, since any 
^i<Ta,(Tb) centralizes the two matrices p2 and q2. This matrix group ^ is a candidate 
which can satisfy the Sylow 2-subgroup test. In Theorem 4.5, it is shown that Sj 
indeed satisfies the Sylow 2-subgroup test. So (2) is done. 

Finally, since p2 and q2 can be expressed as words in terms of 3:2 and t)2, we have 

^ = (P2, q2, y2, t)2, i)2) = (y2, t)2, ■ 

For (3), the matrices are stated in [10]. 

(d) Same idea and process as in (c) are applied to the compatible pair x')''"'- 

As done in (2) of (c), a suitable transformation matrix has to be found. However, 
in this case, there is no such transformation matrix which makes the final matrix 
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group to satisfy the Sylow 2-subgroup test of Algorithm 7.4.8 of Step 5(c) of [12]. 
In other words, there was no Si which makes the order of 5:2^)2 to be the order of 
an element in 2 Fi22 . 

□ 

Lemma 4.4. Using a very nice presentation for Fischer's simple group ¥122 which 
is stated by Praeger and Soicher in [13], the finitely presented group Gn = {an,bn,Cn, 
dn,en,.fn,gn,hn,in) (here the subscript n stands for "nice") with set1Z{Gn) of defin- 
ing relations 

2 i2 2 i2 2 r2 2 r2 -2 i 

'^n ~ "n ~ ~ ~ ~ Jn ~ 9n ~ ~ ''■n ^ -*-> 

{anbnf = 1, {bnCnf = {Cndnf = {dnCnf = {e„fnf = {fngnf = 1, 

{anCnf = {a-ndnf = {o-nenf = {anfnf = {an9nf = {dnhnf = {a„inf = 1, 

{bndnf = {hnGnf = {hnfnf = (&n,9u)' = (bnhnf = {hnlnf = 1, 
{pn^n) — {C-nf'n) ~ (^n^n) — {^Cn^7i) — (Cn^n) — 1; 
{drJnY = {dng-nf = {e-a9nf = {P-^nKY = (e„«„)^ = 1, 

{dnhnf = (hninf = (c?n*n)^ = {f-aKf = {fninf = {gnKf = {9ninf = 1, 
{dnCnbndn^nfndnhnin) — iP'nbn^ndn^nfnhn) = ibjiCndnejifnQnhn) = 1 

satisfies the following properties: 

(a) As in page 110 of [13], G„ has a subgroup 

Un {^n? *^n) ^n? fni gni ^nt '^ni {P'n^n^ndn^rJ^n) ) 

which is isomorphic to 2.Ue{2). Gn has a faithful permutation representa- 
tion PGn of degree 3510 with permutation stabilizer Un- 

(b) As in page 110 of [13], G„ has a subgroup 

~ {bm dm Cm fm gn^ in) 

which is isomorphic to the (orthogonal) simple group Or{3). Gn has a 
faithful permutation representation {PGn)' of degree 14080 with permuta- 
tion stabilizer Vn- 

(c) As in page 111 of [13], G„ has a subgroup 

En ~ {P'ni gnihn-!'an-)VniU)ni XniVni^n) 

which is isomorphic to 2^^ : M22, where 

Un — bnanCnbnt '^n — dnCnCndnt '^n — dnCnhndnt 
3^n ~ fn^ngnfni Vn ~ dn^nhndn^ tn — {Cndn^nhn^n) • 

In particular, En has order 2^"^ -3^ • 5 • 7 • 11. 

(d) En has exactly one conjugacy class of 2-central involutions, represented by 

— * 

(e) The centralizer Hn = Cci^n) of z„ in Gn has order 2^"^ •3^-5, and 

Eln ~ {fmgn^^m{o.nbnCn) liCndn^nhn^ ). 

(f) The intersection Dn = End Hn of En and Hn has order 2^"^ •3-5. 

Proof, (a) In [13], the presentation is stated without the subscripts n. In page 110 
of [13], it is stated that Gn — Fi22 and that G„ has a subgroup Un — 2.Uq{2), 
with generators as written in the statement. By means of Magma's command 
CosetAction(G_n,U_n), we can check that G„ has a permutation representation 
PGn of degree 3510 with stabilizer J7„, with order |PG„| = 2^7 • 3^ ■ 5^ • 7 • 11 ■ 13. 
As proved in [9], we have G„ = Fi22, and therefore PGn is a faithful permutation 
representation of G„. 
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(b) In page 110 of [13], it is stated that G„ = ¥122 has a subgroup = 07(8), 

with generators as written in the statement. By means of Magma's command 
CosetAction(G_n, V_n), we can check that G„ has a permutation representation 
{PG„y of degree 14080 with stabiUzer V„. 

The statement (c) is as written in page 111 of [13]. 

(d) The Magma command Classes (E_n) tells us that S„ has exactly one con- 

jugacy class of 2-central invohitions, and it also gives a representative z„ for the 
class. Now, the command LookupWord(E_n, z_n : ConjugateCheck:=true) in 
Magma gives an answer a„c„, which is conjugate to z„. So, we can redefine z„ to 
be Zn = ttnCn, and use it as the representative for this class of 2-central involutions. 

(c) Let Zn = (inCn as in (d). Then, the group Hn = CG„ {zn) is verified by means 
of Magma to have order 2^^ • S"' ■ 5. Now, by applying GetShortGens the author 
obtained the five generators /„,5f„,i„, (o„6„c„)^, (c„d„e„/i„)^ for 

(f) The statement is verified by means of Magma. 

□ 

In the following theorem the author obtains the presentation for 2 ¥122 as gen- 
erators and relations, and establishes an isomorphism from Sj to 2Fi22. 

Theorem 4.5. Keep the notations of Lemma 4-4 o-nd Proposition 4-1 and 4-2. The 
following statements hold: 

(a) D/{zi) =Di^ En and 1^2/(^15) = i?i = H„,. 

(b) Let 4>i : D ^ D/{zi) = Di and (j)2 ■ H2 ^ H2/ (fcis) = Hi be the canonical 
epimorphisms. There exist an element r2 € G„ and isomorphisms (pi : 
Di En andip2 : Hi [HnY^ such that {ipio4>i)(pi) = ps = {'P2o4>2){p2) 
and (v?! o(/)i)(gi) = 33 = (iyJ2 0(/>2)(q'2), and Enf^^HnY'^ = {P3,qz) has order 
2^7 -3 -5. 

(c) Let = [ipi o (l)i){xi), ys = {(fii o (j)i){yi), and hs = {^2 o (j)2){h2). Then 
X3,y3 and /13 can be expressed by words in an,b„,Cn,dn,e„, fn,gn,hn,in, 
as follows: 

•^3 — f^l {an , bm Cn , dn , Cn , fn , ? ? ^n) — (^n,l^n,2^n,3) ; 
2/3 ~ [^2{P'ni dni ^ni fni 9nt hni in) 

= (Sn,lSn,2Sn,4Sn,lSn,4Sn, 2*71,4)^ (in, lin,3^n,l^n,3in, 1^71,2^71, 1^71,3)^'^) 
^3 ~ (^ziani^n-i^-idn-i^ni fniQnihjiiin) ~ ('^n,l'^7i,2) i 

where 

fn,l ~ i.'^n'^ntn'^n-^ntn-^ntn) i fn,2 — (WntnWnUnWnXntnXn) j 
^^71, 3 — (^Xn'Wfitn'anXn'WntnXn) , 7*71,4 — (Wn'^ntn^n'^ntn'^n^ntn) ? 
Sn,l ~ '^n'^n'^ni ^7i,2 — (^71^71^71) ) ^7i,3 ~ (^7i "^71^71^71) ) 

^71,4 — (^71^71^71-^71) ) ^71,1 ~ ^71,2^71,4^71^2' 

^71, 2 = {Sn,iSn,2Sn,lSn,ZSnA)'^ , tn,3 = {Sn,4^n,2Sn,4:Sn,2Sn,lSn,3)'^ , 
jn ~ {CndnCnhny , — iCndnCnfngri) , In — ianbn^^-ndn^nhn) j 

On — {In^nl^njn^nin) , Pn — i^jnknjnlnbninjnin) , 

Vn.l = (PnOnjnOnkn) j '^71, 2 — {jn^nOn^nPn) ; ^^71, 3 = knjn^njnknPn- 



(d) Gn = {X3,y3,h3). 
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(e) an,bn,Cn,dn,en,fn,9n,hn,in Can be expressed as words in X3,ys,h3, de- 
noted by 

an=u>a{x3,y3,h3), = uJb{x3,y3, h^), c„ = ^^(0:3, j/g, /13), 

dn=UJd{x3,y3,h3), e„ = We(x3,y3,ft,3), f,, ^ UJf(x3,y3, h^), 

gn = ujg(x3,y3,h3), K = ujh{xz,yz,hz), in = ^i{xz,y3,hz). 
The explicit words are 
<^a{x3,y3, hs) = (xsysXsY, ujb{x3, 2/3, /13) = {h3y3h3y3h3ylhlylh3y3f , 

LOc{x3,y3:h3) = {ylx3y?.x3ylf , 

t^d{x3,y?.,h3) = {h3y3hly3h3y3h3y3h3ylhlY^ , 
U)e{x3,y3,h3) = {ysxsylxsf, 

0Jf{X3,y3,h3) = (2/3/132/3/132/3^32/3^32/3^3)^' 

Wg(a;3,2/3,/i3) = (a;32/3^32/3a;3)'^, w/,(a;3,2/3, /is) = (2/3^32/32:3)^, 
Wi(a;3,2/3,/i3) = {hlylh3y3hlf . 

(f) The finitely presented group Gf, = {ae,be,Ci,di,ei,fe,gi,hi,ii,ze) (here i 
stands for "lifted") with set TZ{Ge) of defining relations 

2 i2 2 j2_ 2 f2 2 _ 1,2 _ -2 i 

— — ^1 — — e^ — jg — gg — — — i, 
{aibif = 1, (becef = zi, [ctdgf = {dicif ^ 1, [etfgf = {ftgif = zt, 
{aiCif = {aedef = {ategf = {agfgf = {aggif' = {aghif = [agitf = 1, 
{bidgf = {bgegf = {bjef = {begef = {bghef = {b.ief = 1, 
{ceetf = {ctfef = {cmf = {cehef = {ceief = 1, 
{defef = {degef = {emf = {eehef = {edef = 1, 
{dghgf = [hgiif = {dfigf = {fihif = ifiiff = {gihif = {gmf = 1, 
{dicibedeeefedehiity'^ = {aebicidieifihif = {bicidgeifigihtf = 1, 
zf = {zt, at) = (zi, be) = {ze, ce) = {ze, d^) = {z^, e^) = {z^, ft) = 1, 
{zt,gi) = {ze,he) = {zt,it) = 1 

has a faithful permutation representation PGe of degree 28160, which is 
isomorphic to 2 ¥122, having stabilizer {b(Ze, ce, de, ee, feze, ge, he, ie) . 

(g) Let 

xq = (3i{ai>,bi,ce,de,ee, fe,ge,he,ie), 
2/0 = (32{ae,b£,ce,de,ee, fe,ge,he,ie), 
ho = P3{ai,be,ci,de,ee, fe,ge,he,ie), 

where the three words /3i,P2, and P3 are the ones obtained in the statement 
(b). Then G^ = {xo,yo,ho). 

(h) There is an isomorphism ■& : $j ^ Ge such that 'd{f2) = xo,'&{t)2) = yo, and 
'!?(f)2) = ho, and is an irreducible subgroup o/GL352(17). 

Proof, (a) The presentation of Di — D/(zi) can be obtained from the presentation 
of D, as stated in Proposition 4.1(e). Let : D ^ D/{z) = Di be the canonical 
epimorphism. Then, by trying some random short words, we get that a subgroup 
(01 ('/i)"*! (0i('^i)0i(2/i)'/'i(^'i))^) — ^22 works as a permutation stabiUzer for the 
gronp Di, and thiis the MAGMA command 

CosetAction(D_l , <phi_l (y_l) ~4, (phi_l (x_l) phi_l (y_l) phi_l (v_l) ) '■2> 
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gives the faithful permutation representation of Di of degree 1024. We can now use 

this faithful permutation representation for all MAGMA computations in this theo- 
rem. From Lemma 3.4 of [9] we already have a presentation and faithful permuta- 
tion representation of Hi = H2/ (^15) of degree 1024. Then, using the permutation 
representations, it is verified with Magma commands IsIsoinorphic(D_l,E_n) 
and Islsomorphic (H_l ,H_n) that Di = En and Hi = Hn- 

(b) Let (pi : D ^ D/{zi) = Di and (j)2 '■ H2 ^ H^/ {ki^) = Hi be the canonical 
epimorphisms. As proved in (a), there exist isomorphisms 1^1 : Di ^ En and 

(po : Hi Hn- Next step is to find some inner automorphism 5o £ Aut(G'n) of Gn 
such that the new isomorphism Lp2 — So°^o ■ Hi ^ So{Hn) satisfies {(pi o4>i){pi) = 
[ip2 o (j)2){p2) and ((^1 o 4>\){qi) = ((^2 o (t>2){.q2)- Let tpi and po be fixed. For 
convenience, let = {^pl o 4>\){pi), qa = {<Pi o P3 = (<Po o </'2)(p2), and 

By means of MAGMA command IsConjugate(G_n,p'_3,p_3), we obtain an 
element ri e Gn such that r^^p'^^ri — p^. Fix this ri. By means of Magma, it is 
checked that Cg„(p3) has order 3072, which is relatively small. Then it is verified 
by the Magma command exists that there is some element ra of Cc^iPs) such 
that {rariy'^q'sirsri) = q^. 

Thus we also have {r3ri)~^p'^{r3ri) = ri^{r^^p'^r3)ri = r^^p'^ri = p^. There- 
fore, letting r2 = r^^ri yields r2^p'^r2 = ps and r2^q'^r2 = qs- Now, let So £ Aut(G'„) 
be the inner automorphism defined as conjugation by r2- Then Sq restricted to Hn 
is an isomorphism ^o|iy„ : Hn — * {HnY^. Thus, (p}2 ■ Hi ^ {HnY^ defined by 
<^2 = <^0|H„ ° ^0 is an isomorphism, and we can observe that 

(</?2 O 02)(P2) = iSo\Hn °V0O (p2)iP2) = So\H„ (Ps) = »'2'V3»'2 = PS, and 

(V2 o h)iQ2) = iSo\Hn °Vo° <t>2){q2) = SoiHniq's) = r2^Q3r2 = qs, 

and therefore {piO(l>i){pi) = ps = {(p20(l>2){p2) and {piO(l>i){qi) = qs = ((/32 0^2)(?2), 
in short. It is checked by means of Magma that En fl {HnY^ = {P3,q3), and that 
(P37 93) is of order 2^"^ • 3 • 5. 

(c) Let 4'i,4'2,p>i,p>2, and r2 be as obtained in (b), so that the isomorphisms 
pi : Di ^ En and p2 : Hi ^ {HnY'^ satisfy {pi o (j)i){pi) = P3 = {V2 o 02)(p2) 
and ((^1 o cj)i){qi) = ga = {'P2 ° '^2)(g2) and £"„ n {HnY'^ = (ps.qs)- Now, let 
X3 = ivi ° Mixi), ys = (ipi o 0i)(yi), and /13 = {ip2 o (j)2){h2). Then 0:3,2/3 and 
/13 can be expressed as words in an,bn, Cn, dn,en, fn, Qn, /in, and i„. Thus there are 
three words by Pi, (32, and (iz, such that 

*^3 — /^l {^n , , C-n , dn , G-n , fn , 9n , , ^'n ) 7 
2/3 = /32 (an , K , Cn , dn , (3„ , /„ , .9,,, , Ki , i„ ) , 
hs — /?3 {cLn , , , dn , Gn , fn , 9n , , ^n) • 

The three words /3i,/32, and are obtained by Strategy 1.22, as follows. 

It is checked by means of Magma that Gs^ixs) of X3 in En has order 2^'^ • 3 = 
24576, which is relatively small. Applying Strategy 1.22 to this group Ce„{x3), 
the author found a word for X3; the results are Csnixa) = r„,2, rn,3, r"„,4) and 

2^3 = irn.irn,2rn.3Y ■ 

Note that 2/3 is of order 14 (since yi is). By means of Magma, it can be checked 
that the centralizer Cs^iyl) of the involution yl in En has order 2^^ • 3^ • 5 • 7. 

Applying Strategy 1.22 to this group CE^iyl), the author found a word for j/3; the 

results are Cs^iyl) = (s„,l, S„,2, Sn,3, Sn,4) and yl = (s„,lS„,2Sn,4Sn,lSn,4Sn,2Sn,4)^- 
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Now, by means of the Magma command 

Subgroups (sub<E_n | s_{n , 1} , s_{n, 2} , s_{n, 3} , s_{n , 4}> : Al : =Mormal) 

it can be checked that CEniul) = {^n \ Sn,2, Sn,3, Sn,4) has a unique normal 
subgroup Vn of order 2^°. By means of the Magma command 

HasComplement (C_-[E_n} (y_3"7) , V_n) 

wc can get a complement C„ of Vn in CE^iyl)- Now, by means of the Magma 

command 

exists (r_n){r_n:r_n in C_{E_n} (y_3~7) I y_3~2 in (C_n)~{r_2» 

we obtain some element r„ G CEr^iul) such that y| G {CnY'^- It is also checked 
be means of Magma that {CnY'' has order 2'^ • 3^ • 5 • 7 = 20160. Now, for such 
Cn and r2, the author applied Strategy 1.22 for (C„)'^ and foiuid a word for y'^; 
the results are {C'nY^ = {tn,i,tn,2,tn,3) and y| = (f„,if^^3f„,it„,3i„,it„,2in,iin,3)^- 
Finally, since 2/3 is of order 14, we get that 

= (Sn,lSn,2Sn,4Sn,lSn,4Sn,2'Sn,4)^(in,lin,3^",l^",3in,lin,2in,lin,3)'^'^) 

SO we found a word (52- 

The application of Strategy 1.22 was not so immediate. The command 
GetShortGens for {HnY^ was stopped in the middle by the author, until it gave 
three elements jn, kn, and In of {HnY^- Now, another application of GetShortGens 
using jn, kn, In and the original generators for G„ yielded {HnY^ = {jn, kn, On,Pn)- 
Note that hs is of order 3 (since h2 is). By means of Magma, it can be checked 
that the normalizer A^(//„)-2 ((/13)) of /13 in {HnY^ has order 2^-3'^ = 20736, 
which is relatively small. Using Strategy 1.22 for N(^H^y2 {{hs)) in {HnY^ yielded 
^{H„Y^{{hs)) = {vn,i,Vn,2,Vn,3) and finally /13 = (v„,it;„,2)^- 

(d) This can easily be checked by means of Magma. 

(e) The 9 words can be obtained by the command LookupWord. 

(f) The objective of this theorem is to verify that the matrix group 9j is isomor- 
phic to 2Fi22, and also get a nice presentation for it. Thus Sj is expected to have 
Fi22 as a quotient. In (c) and (e) we had G„ = (aTi,6„,c„,d„,e„,/„,g'„,/i„,i„) = 
{x3,y3, ha) = Fi22, with words for xz,yz, in terms of fn, 

in, and vice versa (words for an,bn, ■ ■ ■ ,in in terms of a;3, 2/3, /13). There, the two 
quotient groups Di = D/{z\) and H\ = i?2/(fci5) are embedded in G„ = Fi22 as 
(P3j 93) •^3; i/s) = {^'3,y3) and (pa, 173. ^,3), respectively. Recall that D and H2 are 
embedded in the matrix group Sj as (p2, q2, y2, t)2) and (p2,q2,f)2), respectively. 

Let 

Cln = Wa(y2,t)2,[)2), bn = ^6 (^2 , t)2 , [)2 ) , C„ = (^2 , ^2 , t)2) , 

On = Wd(j:2,t)2,[)2), e„ = We(?2,t)2,l)2), fn = (j:2 , t)2 , [)2) , 

&n = UJg{f2,t)2,i)2), f)n = Wfc(r2,t)2,f)2), in = Wi(r2, t)2, f)2), 

where the 9 words LOa,u)b,uic, ■ ■ ■ are the ones obtained in (e). Recall from 
Lemma 4.4 that the generators a„, 5„, c„, e„, /„, g„, ft,„, and i„ of Gn satisfy 
the set TZ{Gn) of defining relations. Now, let's check if these nine matrices ttn, 
bn, Cn, fn; ^n, fn, Qn, f)n, in also Satisfy the set of relations TZ{Gn)- For exam- 
ple, we had {bnCndn^nfnynhnY = 1 as the very last relation in TZ{Gn), and thus 
we check if (fanCnfn^nfnflnfln)^ is the identity matrix in GL352(17). By means of 
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Magma, it is easy to check if each of these relations is satisfied by the nine matrices 

^n; ^n; ^ri) ^ni fnj Qn^ ^nj ^n* 

It turned out that all relations are satisfied, except for the three relations (6„c„)^, 
(e„/„)^, and {fn9n)^- By means of Magma, it is easy to check that (fa„c„)^ = 
(^nfn)^ = (friflri)^- So define a matrix 3„ = (b„c„)^. Then, we can check that 3„ 
has order 2, and commutes with all three matrices f)2, and [)2, and therefore also 
with the nine matrices a„, b„, . . . ,i„ ; thus, 3„ is a central involution of 9}. Now, 
match the nine matrices a^, b„, . . . , i„ with nine new abstract variables ae,be, ■ . ■ 
respectively, and 3„ with another new variable Z£. Xhcn, the ten matrices dn? bn? 
. . ., i„, 3„ satisfy the set TZ{Gt) of relations, as written in the statement. 

Now, let's verify that the finitely presented group Gi = {ai, bi, q, de, e^, fi, 
ge, he, ie, ze) having TZ{Ge) as its defining relations is isomorphic to 2Fi22- We 
can observe in the defining relations TZ{Ge) that zg is in the center of Gi, and 
that Zi is of order 1 or 2, since zf = 1. It is then also easy to observe that 
Ge/{zi) is isomorphic to G„, having exactly same relations. Therefore, since we 
have Gn = Fi22, we now know Ge/{ze) = Fi22. Hence, if Order{ze) = 2 implies 
Ge = 2Fi22, and Order{ze) — 1 implies Gi = Fi22. So, if we prove that Gc has 
a permutation representation of order = |2Fi22 |, then we can deduce that Gi is 
indeed isomorphic to 2 Fi22 , and that this permutation representation is faithful. 

As in Lemma 4.4(b), G„ has a subgroup Vn = {bn, c„, dn, e„, /„, gn, hn, in) which 
is isomorphic to the simple group 0(7, 3), and that G„ has a faithful permutation 
representation [PGn)' of degree 14080 with permutation stabilizer Vn- 

The strategy is to lift Vn to Vi inside Gi by Vi = {bi^i, ci^2, de^s, ei^i, 
fe^5, 9^6, he^r, ie^s) so that Ve ^ 0(7,3), by picking suitable 6,6, ••■,^8, 
where each of 6, 6, •••,6 is either 1 or ze. Since each of 6,6, ■••,6 is ei- 
ther 1 or Ze, there are 2* = 256 cases to check. For each choice, the author 
let Ve = {be^i, ce(.2, de(,3, eeU, M5, ge^6, he^7,ieS.8) , and ran the Magma command 
CosetAction(G_l , V_l) . Among the 256 cases, only one case returned a permuta- 
tion representation of degree 28160, while all others returned that of degree 14080. 
That single case, namely 6 = -^^,6 = 6 = 6 = 1,6 = -^^,6 =6 = 6 = 1, is 
exactly the lifting Ve of Vn which we want. 

To summarize, let Ve = {beze,ce,de,ee, feze,ge,he,ie). Then, the Magma com- 
mand CosetAction(G_l , V_l) gives a permutation representation PGe of degree 
28160, which is of order 2^8 • 3^ • 5^ • 7 • 11 • 13 = |2 Fi22 | . Thus, as asserted, we have 
Ge — 2Fi22, and this permutation representation PGe of Ge is faithful. 

(g) Let 

xo = (}iiae,be, ce, de, ee, fe, ge, he, ie), 
2/0 = I32{ae,be,ce,de,ee, fe,ge,he,ie), 
ho = Psiae, be, Q, de, ee, fe, ge, he, ie), 

where the three words /3i,/32, and are the ones we obtained in the statement 
(b). Then Ge = {xo,yo, ho) can be checked by means of Magma, using the faithful 
permutation representation PGf obtained in (f). 

(h) Let the three words Pi,P2, and /?3 be the ones we obtained in the statement 
(b). Then, it can be checked by means of Magma that 

3^2 — Pi (l^n , bn , Cn , ^n, ^n , fn , Qn , f)n , in) , ^2 — /^2 (l^n , bn , ^n, , , fn , Qn , , in) , 
^2 — Psi^n, bn, Cn, ^n, ^n, fn, Bn, ^n, in). 
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where the nine matrices a„, b„, c„, 0„, e„, f„, 0„, f)„, and i„ are the ones we 

obtained in the proof of (f) (as words in fa, t)3, fla). Therefore ^2,^2, and f)2 are 
contained in (a„, b„, c„, Z)„, e„, f„, 5„, ()„, t„). Hence, (y2,t)2,f)2) =^ is contained in 

(c^nj byi, Cyi, Cyi, f , £(71, Iti). It is clear that (Clrt, b^i, C^i, D^i, tnf fnj f)Ti? ^n) 

is contained in (y2, r)2, II2) = since the nine matrices a„, b„, . . ., [)„ are words in 
y3,t)3,f)3- Thusij = (o„,b„,c„,5„,e„,f„,5„,f)„,i„). Recall that 3„ = (b„c„)3. Now 
we have 

~ (*^n) byi, Cti, JJ^i, 67^, ^71, 071, f)^^, i^i, 3n)* 

Observe that these generating ten matrices an, b„, c„, e„, fn, 0n, f)ra, in, 3™ satisfy 
the relations R{Ge). Therefore, the matrix group ^ which is generated by these 
ten matrices is isomorphic to some quotient group of the finitely presented group 
Ge which has R{Ge) as its defining relations. We proved in (f) that ^ 2Fi22, 
and therefore 9) is isomorphic to some quotient group of 2Fi22- Therefore, is 
isomorphic to 1 , Fi22 , or 2 Fi22 • Notice that 3„ is an involution (hence not an 
identity element) which in the center of this matrix group 9). Among the three 
choices 1, Fi22, and 2 Fi22, the only group with nontrivial center is 2 Fi22. Therefore 

^ ^ 2Fi22. 

Hence, the natural homomorphism i) : 9) ^ Gt given by ■i?(o„) = a^, t?(b„) = hi, 
^?(c„) = Q, i?(5„) = di,'d{zn) = ■&{Sn) = fe, f?(fl«) = ff^^?(f)n) = he, ■!?(i„) = ie, 
and ^?(3n) = ze is an isomorphism. Note that xo,yo, and ho are expressed by 
the three words Pi,P2, and (3^ in terms of ae,be,ce,de,ee, fe, ge,he, and i^, and 
also that 3:2,02, and f)2 are expressed by the three words Pi, 132, and (3^ in terms 
of fln, b„, c„,?)„, e„, f„,fl„, and i„. Since is an isomorphism, it preserves the 
multiplication of elements, and therefore we have '^{12) = X(j,d{^2) = yo, and 
i?(f)2) = ho. 

The irreducibility of ij is checked by means of the Magma command 
Islrreducible. 

□ 

Corollary 4.6. Keep the notations in Theorem 4-5. Let K = GF(17). Let H := 
Ge = {xo,yo,ho), and Dh ■= {xo,yo)- Then, H and Dh have orders 2^* • 3'^ • 5^ • 
7 • 11 ■ 13 and 2^^ • 3^ • 5 • 7 • 11, respectively. Then the following statements hold: 

(a) Each Sylow 2- subgroup S of H has a unique maximal elementary abelian 
normal subgroup A of order 2^^. Also, Nh{A) = D = Ce{z). 

(b) There is a Sylow 2-subgroup S such that its maximal elementary abelian 
normal subgroup A of order 2^^ satisfies Nh{A) = {xo,yo) = Dr. 

(c) There is an isomorphism (j)D ■ Dh D such that ^d{xo) = xi and 
(l>D{yo) = yi- 

(d) A system of representatives Wi of the 114 conjugacy classes of H and the 

corresponding centralizer orders |C//(wi)| are given in Table A. 5 

(e) The character table of H is given in Table B.3. 

Proof. By Theorem 4.5, the finitely presented group Gt = (a^, bi, cg, d^, e^, ft, 
g£, hi, ie, Ze) has a faithful permutation representation PGe of degree 28160, with 
stabilizer {beze, ce, de, ee, feze, ge, he, ie)- We also have that xo,yo, and ho are ex- 
pressed as words in terms of ae,be,ce,de,ee, fe,ge,he,ie, and that Ge = {xq, yo,ho)- 
Therefore, it makes sense to say H := Ge = {xq, yo, ho), and computations are also 
possible in Ge, by means of the faithful permutation representation of Ge, and the 
corresponding permutations for xo, yo, and ho- The orders of H and Dh := {xo,yo) 
are checked with Magma. 
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(a) By means of the Magma commands S : =SylowSubgroup (H , 2) and 

Subgroups (S:A1:=' 'Normal' ' ,IsEleinentaryAbelian:=true), 

we obtain a Sylow 2-subgroup S of H, and the unique maximal elementary abelian 
subgroup A of 5* of order 2^^. By the Magma command Islsomorphic, we can 
also verify that Nh{A) ^ D. 

(b) Let S be any Sylow 2-subgroup of Dh, and let A be as in (a). Then, it can 
be checked by the Magma that Nh{A) = Dh- 

(c) Recall that the matrix group {^2,^2) is a faithful representation of D = 
{xi,yi) (by xi ^2 and yi 1— > 1)2), since so is {p2, 1^2,^2,^2)- We showed that 
^ = (?2, t)2, ^2) is a faithful representation of H = (xq, yo, ho) (by a;o 1— > ^2, yo '-^ t}2, 
and Hq f)2)- Therefore, {^2,^2) is a faithful representation of (xo,?;o) = Dh (by 
a^o y2 and yo * ^2)- Therefore there is an isomorphism from Dh to D such 
that (poixo) = x\ and (j^oiyo) = yi- 

(d) and (e) Checked by means of Magma and Kratzer's Algorithm 5.3.18 of [12]. 

□ 
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5. Construction of Fischer's simple group Fi23 

By Lemma 3.2 and Corollary 4.6 the amalgam H ^ D ^ E constructed in 
sections 3 and 4 satisfies the main condition of G. Michler's Algorithm 7.4.8 of [12]. 

Therefore we can apply the Algorithm 7.4.8 of [12] to give here a new existence 

proof for Fischer's simple group Fi23. 

The readers should be aware of the abusive notation used in the following the- 
orem. The symbols X)''')Xi)T"i)2J, 221, Q3j,2IJj,{7j,S'i,T appearing in the following 
theorem have nothing to do with those of same notations appearing in Theorem 
4.3. 

Theorem 5.1. Keep the notations in Lemma 3.2 and Corollary 4-6- Let K = 
GF(17). Using the notations of the character tables of B.3, B.2, and B.l ofH, D, E, 
the following statements hold: 

(a) The smallest degree of a nontrivial pair (x, t) G mf charc{H) x mf charc{E) 
of compatible characters which divides the group order of ¥123 is 782. 

(b) There is exactly one compatible pair (x, r) e mfcharc{H) x mfcharc{E) 
of degree 782 of the groups H = {Dh, h) and E = {D, e): 

{X, t) = (Xl + X3 + X4, n + T2 + Tio + Til) 

with common restriction 

X\Dh = T\D = V"! + V'l + + V'6 + V'9 + V'lO + '015, 

where irreducible characters with bold face indices denote faithful irreducible 

characters. 

(c) Let 2J and W be the up-to-isomorphism uniquely determined faithful semi- 
simple multiplicity-free 782 -dimensional modules of H and E over F = 
GF(17) corresponding to the compatible pairx,T, respectively. 

Let kqj : H —* GL782(17) and : E GL782(17) be the representa- 
tions of H and E afforded by the modules 9J and W, respectively. 

Let j: = k<s(xq), t) = n^iyo), f) = Kgj(/io) in k^{H) < GL782(17). Then 
the following assertions hold: 

V\Dh —^\d, and there is a transformation matrix T e GL782(17) such 
that 

? = T-^Kw{x)T, X) = T-^Kw{y)T. 

(d) Let Y = GL782(17),. D = (y,t]), = (y,t),l)). Let V 
Cy{S)). Let ei = T-^Km3{e)T. Let £ = (S),ei) and £ 
following statements hold: 

(1) There is an isomorphism 

7 : P ^ Di = GL2(17) x K*^ < GL7(17). 

(2) Hi = jCH) is generated by the three diagonal matrices 
ai = d.iag{3, 1, 1, 1, 1, 1, 1), a2 = diag{l, 1, 1, 1, 3, 3, 1) and 
as = diag{l, 3, 3, 3, 1, 1, 3). 

(3) £i = j{£) is generated by the four diagonal matrices 

bi = ai, 62 = diag{l, 3, 3, 1, 1, 1, 1), 

63 = diag{l, 1, 1, 3, 3, 1, 1) and 64 = diag{l, 1, 1, 1, 1, 3, 3). 

(4) V has 321 x 16 H-S double cosets. 

(5) The free product H *d E of H and E with amalgamated subgroup 
D has exactly one irreducible 7S2-dimensional representation over K 



= Cf(J)) and H = 
= Cy(e). Then the 
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whose Sylow 2-subgroups have the same exponent as the ones of H. It 
corresponds to the H-S double coset representative 

T = diag{u, \'\ 16^3°) G GL782(17) where 

« = (Ji)- 

Lett = J-'^^eiJ- and & = (y,t),f),e). The proof of this Sylow 2 -subgroup 
test for & is split into two parts. The first half is the order test for 
the elements f)e and t)e[); these two matrices have to have orders of 
elements in Fi23 (it turned out that ()e has order 12, and tjef) has order 
13). The second half of the proof is done in (e) of this theorem. 
(6) The four generating matrices of arc documented in [10]. 

(e) C5 has a faithful permutation representation P& of degree 31671 with stabi- 
lizer Sj = (j:,t),[)). 

(f) & is a finite simple group of order 2^^ ■ 3^'^ ■ 5^ ■ 7 • 11 • 13 • 17 • 23 with 
centralizer C0{^) = = H of the involution 3 = {pfY . 

(g) <5 has 98 conjugacy classes gi® with representatives Qi and centralizer orders 
|C©(0i)| given in Table A. 6. 

(h) The character table of & coincides with that of ¥123 in the Atlas [4], its p. 
178-179. 

Proof, (a) The character tables of the groups H, D. and E are stated in the Ap- 
pendix B.3, B.2, and B.l. In the fohowing we use their notations. Using MAGMA 
and the character tables of H, D, and E and the fusion of the classes of Dh = D 
in H and D in E. an application of Kratzer's Algorithm 7.3.10 of [12] yields the 
compatible pair stated in assertion (a), dividing the group order of Fi23; the group 
order of Fi23 is taken from Atlas [4]. 

(b) The application of Kratzer's Algorithm 7.3.10 of [12] also shows that the 
pairs (x, t) of (b) is the only compatible pair of degree 782 with respect to the 
fusion of the D-classes into the H- and into the i^-classes. 

(c) In order to construct the faithful irreducible representation 5J correspond- 
ing to the character X = Xi + X3 + X4 of degree 782, the author employed the 
Magma command LowIndexSubgroups (PH , 4000) using the faithful permutation 
representation PH of H of degree 28160 (see statements (f) and (g) of Theorem 
4.5 for construction of PH). Magma found a subgroup U\ of H such that the 
foUowings hold. 

Ux is of index 3510 in H, and X4 (dimension 429) is a constituent of the per- 
mutation character (If/J^. By GetShortGens the author obtained Ui = {{yoY , 

{yohoyohoY, (yohoyohoyoY , {hoVohoyoY^ {hoVohoyiY, (2/0^02/0)")- By applying 
the Meat-axe Algorithm to the permutation module {lu)^ the author obtained the 
irreducible KH-module 2J4 corresponding to X4- 

Note that xi is the trivial character. Notice also that xs is the unique irreducible 

character of H of degree 352, and that we already have an irreducible representation 
of H of degree 352, namely f) = {^2,^2, ^2)- Thus, we can use Sj as a representation 
of H corresponding to X3- 

In order to construct the faithful irreducible representation W corresponding 

to the character t = ti -\- T2 -\- tio + th of degree 782, the author employed the 
Magma command LowIndexSubgroups (PE, 1500) using the faithful permutation 
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presentation PE of E of degree 1012 (see Lemma 3.2 for construction of PE). 
Magma found subgroups 81,82, and ^3 such that the followings hold. 

Si is of index 506 in E, and T2 (dimension 22) and tiq (dimension 253) are 
constituents of the permutation character (Ig^)^. By GetShortGens we get Si = 
{{Viem)^, iViXiyiXiyi)^ , (yfeixi)^, (yicixiy?)^). By applying the Meat-axe Al- 
gorithm to the permutation module (IsiY the author obtained the irreducible 
if modules W2 and SZUio corresponding to T2 and tio, respectively. 

82 is of index 1012 in E, and rn (dimension 506) is a constituent of the permu- 
tation character (Ig^)^. By GetShortGens we get ^2 = ((a;ieiyi)^, {xiyfxieiY , 
{yiXiyiXiyiY) . By applying the Meat-axe Algorithm to the permutation module 
(Igj)^ the author obtained the irreducible KE-xnodvAc iJHn corresponding to th. 

Therefore we can obtain the representations kqj : H GL782(17) and KgiT '■ 
E — > GL782(17) of H and E afforded by the modules 5J and 2IT, respectively, as 
follows. As before, 5J = 5Ji © 5J3 © 5J4, where 23i is the trivial KH-xnodvAc, and 
2J3 corresponds to the representation k^Jj : H GL352(17) given by K!}3^{xq) = ^2, 
'^2)3 (2/0) = 02j and Kfu-iiho) = f)2- Then, the matrices for k^j can be obtained by 
diagonal joining, for example, 

i^<n{xo) = dia,g{K<x)i{xo), Kt^sixn), KtaA^o)), 

where k<Si : H — » GLi(17) and K<a^ : H — > GL429(17) are the representations of 
H afforded by the ii'Jf-modules 2Ji and 2J4, respectively. And similarly for j/o and 
ho, too. For E side, let SHJ = 2ITi © 2n2 © © 22Jii, where Wi is the trivial 
KE-module. Then, the matrices for kju can be obtained by diagonal joining, for 
example, 

Kw{Xl) = dia.g{KwAxi), Kw2{xi), Kwioixi), KWiiiXl)), 

where ■ E GLi(17), Kau^ : E — »• GL22(17), Kauio '■ ^ — >■ GL253(17), and 

KWii '■ E GL506(17) are the representations of E afforded by the if i?- modules 
SUi, 2IJ2, SUio, and SUn, respectively. And similarly for yi and ei, too. 

X\Dh = '''{D means ^\Dh — ^\d- Recall that two representations of a group 
being isomorphic means that there is some matrix T such that for every element 
of the group, the matrix for the element corresponding to one of the two repre- 
sentations is conjugate to the matrix for the same element corresponding to the 
other representation by T. However, here we have two isomorphic groups Dh and 
D instead of identical groups. So, employing an isomorphism (po : Dh D as 
obtained in Corollary 4.6(c), now we can see that '^\Dh — means that there 
is some T G GL782(17) such that n^iDni'f'Dig)) = ^~^Ksm|T(5)^ ^or all g G Dh- 

Assuming we have such T, we get 

r = K<n\D„{xo) = k<sidh{'Pd{xi)) = T~'^kw\d{xi)T, and 

t) = «aT|BH(2/o) = l^^lDni'pDiyi)) = T~'^Kw\D{yi)T, 

thus y — T^^ K<}]}{xi)T and t) = Kw{yi)T , as desired in the statement (1). 
Knowing that such T exists, we can apply the Parker's isomorphism test of Propo- 
sition 6.1.6 of [12] by means of the Magma command 

IsIsomorphic(GModule(sub<Y|W(xl) ,W(yl)>) ,GModule(sub<Y| V(xO) ,V(yO)>)), 

which gives the boolean value, which is true in this case, and the desired transfor- 
mation matrix T. 

By assertion (b) and Corollary 7.2.4 of [12] this transformation matrix T has to 
be multiplied by a block diagonal matrix Sq of GL782(17). In order to calculate its 
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entries one has to get the composition factors of the restrictions Xi\DH ^^'^ '^i\D ^° 
Dh and D, respectively. Prom the fusion and the 3 character tables B.3, B.2 and 
B.l follows that: 

Xi|n„=V'i, X3|D^ = -09 + V'lo, X4|D^ = -01 + ^^2 +-06 +■015, and 

n|D='01, T2|£, = '01 +-02, noiD = -06 +-09, TilID = "010 + 015- 

Thus, by applying the Meat-axe Algorithm to xAdh^ S^t the -fCDjj-modules 
il2,it6, and ili5 of Dh = D, such that ^4\Dh = iti ©it2 ©ite ©iii5, where iti 
is the trivial i^D/j-modulc. Wc already have the constituents JCD/z-modules ilg 
and ilio of the restriction of 93 to Dh, so that ^3\Dh — ^ ®^io- Thus we also 
have QS2\D = ® ^2, Ww\d = ite © ilg, and 91Jii|d = Hio ©ilis- It is clear 
that ^i\Dh = it-i = 2Ui|£i. Notice that the i^D^f-modules can be thought of as 
JCD- modules and vice versa, via the isomorphism (pu : Dh D. Now we have 

^\Dh =iii ©ill © il2 © ile © ilg © iiio © ili5 = W\D- 
Therefore, there is a transformation matrix Sq G GL782(17) such that 

Sq^k^{xo)So = diag(Kui (a;o ) , ku^ {xq ) , KU2 i^o ) , {xq ) , ^Ug (^^o ) , «Uio {xo), Kiii5 (^^o ) ) , 
and 

So^K<x}{yo)So = diag(Kui (yo), khi (yo), (yo), (2/0), ivo), kuk, ivo), kui5 (2/0)), 

where ku, : D ^ GLi(17), ku, : D ^ GL2i(17), k^]^ : D ^ GL77(17), kh^ : D ^ 
GLi76(17), Kiiio • ~* GLi76(17), and ku^^ : D — > GL33o(17) are the represen- 
tations of D afforded by the modules ili, il2, ilg, ilg, ilio, and ilis, respectively. 
This matrix Sq can be obtained by applying Parker's isomorphism test to the two 
modules 2J and ili ffi iti © it2 ffi ile © ilg © iiio © iti5- To be precise, the author 
did this Parker's isomorphism test first for lower right 781 by 781 submatrices of 
the relevant matrices, and then enlarged the transformation matrix by diagonally 
joining 1 in the upper left corner. By this way we can be guaranteed to have 
right restrictions as we expect. We can assume that we started with Sj^^ K<u{xo)Sa, 
Sq^ Kf}r}{yo)So, and Sq^ K,<s{ho)So as y, t), and f), at the beginning of the statement 
(c). Hence, j: and t) are now assumed to be in the block diagonal form as follows, 
from the beginning (then f) would be in a certain block form; although not block 
diagonal, it still carries the structure of 2Ji © SJs © 2J4): 

y = diag(KUi (a;o ) , (xg ) , (a^o ) , Kiig (xo ) , ku,, {xq ) , (a;o ) , kui5 (a^o ) ) , and 
t) = diag(Kiii (j/o), Kill (yo), K5i2 (yo), Kile (yo). Kilo (yo), ku,„ (yo), KUis (yo))- 

(d) Let Y = GL782(17), V = Cy(S)), H = Cy(f)) and £ = Cy(€). By (b) the 
restrictions of the compatible characters (x, r) are not multiplicity free. Therefore 
Theorem 7.2.2 of [12] asserts that one has to determine the TC-£ double cosets of 
V in order to find all the suitable representations of degree 782 of the free product 
H *D E with amalgamated subgroup D. How a double coset representative gives 
rise to a representation will be explained later in this proof. 

For each integer k let 7/' denote the diagonal matrix of GLfc(17) having all 

diagonal entries equal to w e K* . 

From (c) we know that each element of S = (yg, t)o) is of the block diagonal form 
as follows: 



Q = diag(Kili (5) , Kill (5) , Kits (5) , KUe ) , Kilg {g) , Kilio (s) , Kili^ (ff) ) , 
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for any element g G Dh- Note that all of kui ) '^^2 ) '^Ue ' '^iig ' '^Uio > ^^^d '*iti5 ^"^^ 
irreducible representations of Dh- Therefore, by the Theorem of Artin-Wedderburn 
(Theorem 2.1.27 of [12]) we know that each element V of 2? = Cy{^) can be 
represented as a blocked diagonal matrix 

V = diag{a, d''\ e^'\ f'') e GL782(17) 

where a € GL2(17) and all b, c, d,e,fG K* are uniquely determined by V. 

The map 7 : D ^ Pi := GL2(17) x K*^ defined by 

7(V) = diag{a, b, c, d, e, f) G GL7(17) 

is an isomorphism. Thus assertion (1) of (d) holds. 

Let Hi = 7(W), £1 = 7(^). Recall from the proof of (c) that 

Xi\Dh='>Pi, Xsp^ = -09 + V'lo, X4|D„ = V-i +V'2 + V'6 + ^i5, and 

Since 3 E K generates the multiplicative group K* of K it follows from these 
restrictions that Hi = (01,02,03) and £1 = (61,62,63,64) where the generators Oj 
and bj denote the diagonal matrices of GL7(17) given in assertions (2) and (3) of 
statement (d), respectively. In particular, Hi and £1 are abelian. 

Recall that we have to determine the H-£ double cosets of V. Since 7 is an 
isomorphism it suffices to determine the Hi-£i double cosets of Vi. Let A and B 
be the direct factors GL2(17) and K*^ of fi, respectively, so Pi = Ay. B. Let 
<I>_4 '.T^i ^ A and $e : Vi ^ B he the projection mappings, i.e. $_4(a6) = a and 
$5(06) = 6 for all a G .4 and b £ B. Thus, for any element g of 2?i, the projection 
^a{9) is just the upper left 2 by 2 submatrix of g, and ^eid) the lower right 5 by 
5 submatrix of g. 

Let Ai, A2 be two representatives for a single Hi-£i double coset, i.e. TiiAi^i = 
HiX2£i- Then A2 G T^iAi^i, and therefore A2 = aAi6 for some a E A and b E B. 
Note that any element of Vi can uniquely be written as multiplication of an element 
in A and an element in B. Therefore, there exist ^i,5i,6'i in A and (,2,S2,02 
in B such that A = O1O2, a = ^1^2 and 6 = ^/'i52- Then, A2 = aAi6 implies 
A2 = iCia)iOi92){SiS2). 

Observe that elements of B commutes both with elements of A and those of B. 
Therefore, A2 = (66)(^i^2)(V'iV'2) implies A2 = (Ci^i''/'i)(^2^2V'2)- Since ^16'iV'i G 
A, ^202^2 G B, and $b(Ai) = 6*2, we have $b(A2) = $26'2V'2 = 6^b(Ai)V'2- Let 
H2 = $b(Hi) and £2 = *b(^i)- Then, $b(A2) = 6*b(Ai)V'2 means that $b(Ai) 
and $b(A2) represent a single H2-£2 double coset in S = $b(I'i)- 

Since B is an abelian group, we get that H2£2 is a group, and that H2-£2 double 
cosets are just W2^2-cosets. Observe that the group H2£2 are generated by $B(ai) 
and $B(6j), where 

$B(ai) = Id(GL5(17)), $B(a2) = diag(l, 1, 3, 3, 1), $^(03) = diag(3, 3, 1, 1, 3), 

$b(6i) = Id(GL5(17)), $^(62) = cliag(3, 1, 1, 1, 1), 
$5(63) = diag(l, 3, 3, 1, 1), $23(64) = diag(l, 1, 1,3, 3). 

It is checked in Magma that the group H2£2 has order 16*, and that the set of 
sixteen matrices = diag(l, 1, 1, 1, j), where j runs through 1, 2, 3, ... , 16, serves 
as a complete set of representatives of distinct W2^2-cosets in B. 

What is just proved is that for any Hi-£i double coset representative A, we can 
find some a G Hi and b G £1 such that $B(a)$B(A)$B(6) is of the form (j, for 
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some j (in the above argument, we had ^2 = ^B(a) and V2 = ^eib))- Now, aXb 
represents the same Hi-£i double coset as A, and we now have that $g(aA6) = 
^B{0')^B{X)^B{b) is of the form (j. Hence, we can now assume that any double 
coset representative A satisfies $b(A) = Q for some j. Now, suppose that Ai and A2 
represent a single Hi-£i double coset. We proved above that $b(Ai) = Q = $b(A2) 
for some j. 

Fix any j G {1, 2, 3, . . . , 16}. Let's find out how many distinct Hi-Si double 
coset representative A there are such that $g(A) = Q. Let Ai and A2 be Hi-Si 
double coset representatives such that $6(Ai) = Q = $e(A2) for this fixed j. Then 
A2 G HiXiSi, and therefore A2 = aXib for some a G Hi and b G £1. Observe 
that Hi is abelian and is generated by 01,02,03. Therefore a = a^^ 0.2^ a'^'^ for 
some 7ri,7r2,7r3 in {1, 2, 3, . . . , 16}. Similarly, £1 is abelian and is generated by 
&i)^2,&3j^4- Therefore b = 62^63^64" for some ui , cr2 , (J3 , (74 in {1, 2, 3, . . . , 16}. 
We can observe by computation that 

a = a J= a = diag(3''^ , 3''=* , 3''=* , 3''^ , 3''^ , 3""^ ,3'"'), and 

b = 6f b^^ bl" = diag(3''i , 3"^ , 3"^ , 3'^^ , 3"^ , 3"'' , 3'"'' ) . 

For i = 1,2, we know that Aj = diag($^(Ai), $B(Ai)) and that $B(Ai) = Cj = 
diag(l,l,l,l,i). Let $^(Ai) = (^g) and = Thus, we can 

observe that 

aAi6 = a[diag($^(Ai), $b(Ai))]6 - a[diag(( ^ g ) , 1, 1, 1, l,j)]b 

= diag((3;^ ,2,){^j^){%' ) ,3-3+-2^3^^+'^^3^^+-^3"^+-^J3^^+^^) 
We also have 

A2 = diag($^(A2), $b(A2)) = diag(( % ) , 1, 1, 1, 

and therefore from A2 = aAi6 we get ('^^^ ) ( c B ) ( '^0^ 3°2 ) = ic' d') ^^'^ 
3^3+<T2 = 31^3+^3 ^ 3^2+^3 = 37r2+^4 ^ 3^3+<T4 = i_ jg g^gy scc that 3'^^+''^ = 

37r3+a3 = 37r2+<T3 ^ 37r2+a4 ^ 37^3+^x4 ^ I implies 

TTa = — CT2, TTa = — (J3, 7r2 = —0-3, 7r2 = —0-4, 7r3 = — CT4, 

so that 7r2 = 7r3 = —(72 = — C3 = —(74. 
Now let's look at 

S'^i W A B \ / 3'^! \ / ^' S' 

3^^' A CD A 3"^ J - { C'D' 

Since tti, 713, ai are arbitrary and C72 = —tts, the above equation can be rewritten 
as 



[Ou)[ CD)[ Ou-'J - [ CD') 



where s, t, u are any elements in K*. By computation we get (oS)(cB)(oii"^ 
~ ( (tuC) '""d ) ■ fiance, the above equation becomes 



. f {stA) {su-^B) \ ( A' B'\ 



Define a relation ~ by : ( c d ) ~ ( c' ) (*) holds. Then, it is easy to prove 

that ^ is an equivalence relation. It is easy to observe that we have ( B ) ^ 
( ^, ^, ) if and only ii D = D' and ( ^/ ) can be obtained by multiplying some 
numbersG K* to the first column and the first row of ( ^ B ) ■ Therefore, it is just 
an easy computation by hand to get the complete list of representatives for distinct 
equivalence classes of ~. The list of representatives is presented as follows. 
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For cases D = 0, 

{%). UK) 

are the representatives for all possible distinct classes, where c runs through K*. 
This gives 1 + 16 = 17 cases. For cases D and at least one oi A,B,C is 0, 

(12). (JJ). i'll). (J"c) 

are the representatives for all possible distinct classes, where c runs through K*. 
This gives 4 x 16 = 64 cases. 

For cases when A, B, C, D are all nonzero, 

( cd) 

are the representatives for all possible distinct classes, where c and d runs through 
K* and d. Here we have 16^ — 16 = 240 cases. Now we have the complete list 
of equivalence classes of ~, and there are 17 + 64 + 240 = 321 classes. 

What is just proved is that, for any fixed j G {1, 2, 3, . . . , 16}, there arc 321 
distinct TCi-Si double coset representatives A such that $b(A) = Q. Therefore, the 
number of Hi-Si double cosets in Di is exactly 16 x 321 = 5136 as desired in (4). 
We also have a method to enumerate all the double coset representatives; namely, 
each double coset representative is of the form 

Mk,j = diag(TOfc, 1, 1, 1, 1,,?), 

where j ranges in K* and mfe € GL2(17) runs through the 321 choices for ( ^ £ ) de- 
scribed above. Since there are 321 choices for ruk, the subscript k can be considered 
to range in {1, 2, . . . , 321}. For each k, let mi-j = 7~^(Mfcj), tkj = m^^eitrifej, 
and 

As stated in Theorem 7.2.2 of [12], this matrix group <3k,j is the representation 
which corresponds to the double coset representative mkj ■ 

As mentioned in the statement (5), only first half of the Sylow 2-subgroup test 
of Step 5(c) of Algorithm 7.4.8 of [12] for each is done here. For each k,j, 
the author checked the orders of the matrices f)Cfc,j and t)tk,jh with Magma. If 
either of the two matrices has an order which can't be the order of an element of 
Fi23 (information on largest order of elements in Fi23 is obtained in Atlas [4]), then 
the particular pair (fc, j) is discarded. Through this test, only one case survived, 
namely the case is with j = 16 and k = ko such that 

mko = ( 914) • 

For this ko, let e = ek,j and = <&ko,i6 = (y, f), h, e)- It is checked with MAGMA 
that the two matrices f)e and t)ef} have orders 12 and 13, respectively. So (5) is 
done. The four generating matrices y, i), f), e are documented in the author's website 
[10] as mentioned in (6). 

(e) Using the algorithm described in the proof of Theorem 6.2.1 of [12] imple- 
mented in Magma, a faithful permutation representation P<8 of & of degree 31671 
with stabilizer ^ is obtained. In order to use this algorithm for getting permu- 
tation representation, the author had to look for a short-word matrix in terms of 
y, t), t), e which has order 23 (since 23 divides the order of (S, but not the order of 
the permutation stabilizer Sj); the matrix ytjef)^ of order 23 is used. 
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In particular, it is shown by means of Magma that |6| = 2^^ • 3^^ ■ 5^ • 7 ■ 11 • 
13 • 17 ■ 23, using the faithful permutation representation P(5. 

(f) Let 3 = (ft)'^y ■ Using the faithful permutation representation P(& of degree 
31671, it is verified that C@{li) = = H . 

(g) Using the faithful permutation representation P© of degree 31671 and 
Kratzer's Algorithm 5.3.18 of [12], the representatives of all the conjugacy classes 
of © are obtained using Magma, sec Table A. 6. 

(h) Furthermore, character table of (S is computed by means of the above per- 
mutation representation P0 and Magma. It coincides with the one of Fi23 in [4], 
p. 178 -179. The character table of (S implies that (S is a simple group. This 
completes the proof. 

□ 

Remark 5.2. Let Ei = Vi yi M23 he the split extension of M23 by its simple 
module Vi of dimension 11 over F = GF(2). Then Ei has a unique class of 2- 
central involutions represented by some element z[. However, when applying the 
Algorithm 2.1 to Ex, an overgroup ofCEi{z[) of odd index satisfying all conditions 
of Algorithm 2.1 was not found. Hence Algorithm 2.1 can't be applied for further 
steps. 

Remark 5.3. Let E2 = V2 » A^23 be the split extension of M.23 by its simple 
module V2 of dimension 11 over F = GF(2). Then E2 has three classes of 2- 
central involutions represented by some elements Z2, z'^, and z'^. However, when 
applying the Algorithm 2.1 to E2, an overgroup of CEi{z[) of odd index satisfying 
all conditions of Algorithm 2.1 was not found, for any i = 2,3,4. Hence Algorithm 
2. 1 can't be applied for further steps. 
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Appendix A. Representatives of conjugacy classes 
A.l. Conjugacy classes of £{¥123) = E = (xi,yi,ei), with subscripts dropped 
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A. 2. Conjugacy classes of D{Fi23) = D = {xi,yi) = {xo,yo), with subscripts 
dropped 
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3 


3 


4i 


(,r/;,r/;') 


i i 




li 


li 


li 


4i 


42 


:> 

(xi/.ry .ru.ru 


.■,11 


2-, 


I2 


I2 


I2 


42 


43 


(xyxy ) 


nL2 
1 


24 


43 


43 


43 


43 


44 


/ 2 6\2 

(xyxyxy xy ) 


^12 
2 


24 


44 


44 


44 


44 


45 


(xyxy xy ) 


2 ■ 3 


26 


4r, 


4:, 


4r, 


4,-, 


46 


(xyxy xyxy 


2 ■ 3 


26 


4(5 


46 


46 


46 


4? 


2 7 5 

xy xy xy 


2iU 


25 


47 


47 


47 


47 


48 


1 'i 2\'2 
(xyxy'xy ) 


2 


2? 


48 


48 


48 


48 


49 


1 2 4 \ 2 
(xyxy xy ) 


2 


27 


49 


49 


49 


49 


4io 


xy^xy''xy-' 


2 


28 


4io 


4io 


4io 


4io 


4ii 


2 '.^ 2 

xy xy xy xy 


08 
2 


29 


4ii 


4ii 


4ii 


4ii 


4l2 


4 4 2 
xyxyxy xy xy 


08 
2 


29 


4l2 


4l2 


4l2 


4l2 


4l3 


2 2 

xyxyxyxy xy 


2 


28 


4l3 


4l3 


4l3 


4l3 


5 


/ ^\2 
(xyxy ) 


2'^ ■ 5 


5 


5 


1 


5 


5 


6i 


7 2 uTr 

(xyxy xyxy ) 


2' • 3^ 


3 


26 


61 


61 


61 


62 


2 2 B — T~ 

xy xy xy xy 


2' • 3^ 


3 


26 


62 


62 


62 


63 


2 — 3 2 5" 

xyxy xy xy xy 


2' • 3^ 


3 


2i 


63 


63 


63 


64 


2 s 
xyxyxy xyxyxy 


2^ • 3^ 


3 


26 


64 


64 


64 


65 


2 a 4 

xyxy xy xy 


2^ • 3^ 


3 


26 


65 


65 


65 


66 


3 43 
xyxy xyxy xy 


2^ - 3^ 


3 


23 


66 


66 


66 


67 


4 3 2 
xyxyxy xy xyxy 


2^ - 3^ 


3 


22 


67 


67 


67 


6s 


/ '■i\2 
(xyxy ) 


2" ■ 3 


3 


25 


68 


68 


68 


69 


xyxy^xy'^ 


2" ■ 3 


3 


24 


69 


69 


69 


610 


'i 4 

xy xy 


2" ■ 3 


3 


28 


610 


610 


610 


611 


4 (J 
xy xy 


2" ■ 3 


3 


27 


611 


611 


611 


7i 


1 \2 


2'' ■ 7 


7i 


72 


72 


1 


7i 


72 




2^^ ■ 7 


72 


7i 


7i 


1 


72 


81 


{xyxy ) 


TTT 

2 


43 


81 


81 


81 


81 


82 


xyxyxy^xy^ 


2' 


44 


82 


82 


82 


82 


83 


6 3 4 

xyxy xy xy 


2 


44 


83 


83 


83 


83 


84 


1 2 

xyxy xy 


2 


45 


84 


84 


84 


84 


85 


2 3 3 

xy xy xy 


of) 

2 


43 


85 


85 


85 


85 


86 


2 2 2 3 

xy xy xy xy 


2 


45 


86 


86 


86 


86 


87 


3 2 

xyxy xy 


2 


48 


87 


87 


87 


87 


8s 


'2 4 

xyxy xy 


2'^ 


49 


88 


88 


88 


88 


lOi 


5 


2 ■ 5 


5 


IO2 


23 


1()2 


lOi 


IO2 


xyxy 


2"^ ■ 5 


5 


lOi 


23 


lOi 


IO2 


IO3 


'A 3 
xyxy xy 


2"^ ■ 5 


5 


IO3 


25 


103 


IO3 


IO4 


2 3 
xyxy xyxy 


2"^ ■ 5 


5 


lOe 


22 


106 


IO4 


IO5 


3 4 
a:i; xy xy 


2^ ■ 5 


5 


IO5 


24 


IO5 


IO5 


lOe 


4 3 

xy xy xy 


2"^ ■ 5 


5 


IO4 


22 


IO4 


106 


IO7 


4 3 Li 
xyxyxy xy xy 


2"^ ■ 5 


5 


IO7 


2i 


IO7 


107 


111 


(xyn 


2 ■ 11 


II2 


111 


111 


II2 


1 


II2 


(xyn 


2 • 11 


111 


II2 


II2 


111 


1 


12i 


xyxy'^ xyxy^ 


2° ■ 3 


61 


46 


12i 


12i 


12i 


122 


2 7" 

xyxyxy xy 


2° ■ 3 


61 


45 


122 


122 


122 


123 


3 

xyxy 


2* ■ 3 


68 


4i 


123 


123 


123 


124 


'i 4 

xyxy xyxy 


2 ■ 3 


68 


42 


124 


124 


124 


14i 


y 


2^ ■ 7 


7i 


lie 


146 


22 


14i 


142 


xy'' 


2'' ■ 7 


72 


145 


145 


2i 


142 


143 


xy" 


2'' ■ 7 


7i 


144 


144 


23 


143 


144 


2 3 


2:-' ■ 7 


72 


143 


143 


23 


144 


145 




2^ ■ 7 


7i 


142 


142 


2i 


145 


146 


y 5 

xy xy 


2'' ■ 7 


72 


14i 


14i 


22 


146 


161 


xyxy'' 


2^ 


81 


I61 


I62 


I62 


161 


162 


xyxyxy'' 


2^ 


81 


I62 


I61 


I61 


162 


22i 


xy'' 


2 ■ 11 


111 


22i 


22i 


222 


2i 


222 


'2 '2 

xyxyxy xy 


2 ■ 11 


II2 


222 


222 


22i 


2i 
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A. 3. Conjugacy classes of H2 = {p2, (12,^2), with subscripts dropped 



Class 


Representative 


1 Centralizer\ 


2P 


3P 


5P 


1 


1 


2l« ■ 3* • 5 


1 


1 


1 


2i 


(pq)" 


2l« .3" -5 


1 


2i 


2i 


22 




2^» • 3" ■ 5 


1 


22 


22 


23 




2^« • 3-^ • 5 


1 


23 


23 


24 




2^'' • 3" • 5 


1 


24 


24 


25 


{p'q'hf 


2^' • 3" • 5 


1 


25 


25 


26 


(qh)" 


2I6 . 32 


1 


26 


26 


27 


(p-'hqhf 


2I6 . 32 


1 


27 


27 


28 


(p'qp'hY 


2IB . 3^ 


1 


28 


28 


29 


(phphq'^ h)'^ 


210 . 32 


1 


29 


29 


2io 


(pqh)" 


2^' . 3 


1 


2io 


2io 


2ii 


[pqhqf 


2^'' • 3 


1 


2ii 


2ii 


2l2 


(pqph)" 


2ia . 32 


1 


2l2 


2l2 


2l3 


(p^hq^Y 


215 . 32 


1 


2l3 


2l3 


2l4 


(p^h^qhY 


2^" ■ 3 


1 


2l4 


2l4 


2l5 


(phY 


2^^ • 3^ • 5 


1 


2l5 


2l5 


2l6 


(phqh)^ 


2^^ • 3^ • 5 


1 


2l6 


2l6 


2l7 




2^^ • 3 


1 


2l7 


2l7 


2l8 


(pq')' 


2^'^ • 3 


1 


2l8 


2is 


2l9 


{p^qp^qhY' 


2^'' ■ 3 


1 


2l9 


2l9 


220 


(p^qpqphY 


2^^ • 3 


1 


220 


220 


221 


p'q' 


2^^ • 3 


1 


221 


221 


222 


(pqpq^hY 


2^^ • 3 


1 


222 


222 


223 


p'^ h'^ qhqpq 


2I3 


1 


223 


223 


224 


(p^hph^Y 


2"' . 3 


1 


224 


224 


3i 


h 


2« ■3'' 


3i 


1 


3i 


32 


{pqhY 


2" ■ 3'* 


32 


1 


32 


33 


{q? 


2" ■ Y 


33 


1 


33 


4i 


{p'qphY 


212 . 33 


2i 


4i 


4i 


42 


{phq)'' 


2^^ •3^-5 


22 


42 


42 


43 


(p'hqhY 


2^^ •3^-5 


22 


43 


43 


44 


(pqY 


2^^ • 3 


2i 


44 


44 


45 


(pqhY 


2^^ -3 


2io 


45 


45 


46 


(q'hY 


2^^ .3 


2io 


46 


46 


47 


(pqphqY 


2^^ -3 


2in 


47 


47 


48 


(pq^hY 


2^^ -3 


2ii 


48 


48 


49 


(pqphpqhy^ 


2^^ -3 


2ii 


49 


49 


4io 


(p'qpq'h^Y 


2^^ -3 


2io 


4io 


4io 


4ii 


{qhY 


2"' • 3 


26 


4ii 


4ii 


4l2 


{qh'Y 


2"' • 3 


2io 


4l2 


4l2 


4l3 


[pqhqY 


2"' • 3 


2ii 


4l3 


4l3 


4l4 


{p^hqhY 


2^" -3 


27 


4l4 


4l4 


4l5 


(pq'h'Y 


2^" -3 


2io 


4l5 


4l5 


4l6 


p'^ hph 


2^» -3 


27 


4l6 


4l6 


4l7 


(p^hph^qY 


2"' . 3 


22 


4l7 


4l7 


4l8 


{p"^ hphphqY' 


2"' . 3 


26 


4l8 


4is 


4l9 


(p-hphqY 


2^' 


2ii 


4l9 


4l9 


420 


(pqpqh.q)'' 


2'' 


2ii 


420 


420 


421 


,- 2 

(/«; ) 


Y . :s 




121 


121 


422 


\l> <l) 


2" • 3 


2l7 


42 2 


422 


423 


(pqph)-* 


2^' . 3 


2l2 


423 


423 


424 


(p'qhY 


2" -3 


2is 


424 


424 


425 


(p^qhqY 


2'-^ -3 


2l2 


425 


425 


426 


(p^hphY 


2'-^ -3 


2l7 


426 


426 


427 


(p^h'^qhY 


2IU 


2l4 


427 


427 


428 


p^qph'^ qh 


2IU 


2l4 


428 


428 


429 


P 


2" 


2l7 


429 


429 


430 


pq-' 


2« 


2is 


430 


430 


431 


phqh'^ 


2" 


2l7 


431 


431 


432 


p'^ qp'^h 


2'' 


2ii 


432 


432 


433 


p^q^ph^ 


2'' 


2io 


433 


433 


434 


p^qhqhq 


2'' 


2l7 


434 


434 


435 


p^ h.(/fi (Y 


2'' 


2l7 


435 


436 


4 




p(ipli(lii]i 


2" 


2i,. 




l36 


4 




pq-hl>hqji 


2'' 


2l7 


4:,7 


437 


4 


i8 


hphpq'^ h 


2« 


2l7 


438 


43s 


439 


pq'^ h'^q'^ph 


2" 


2in 


439 


439 


440 


pq^phq 


2« 


2l7 


440 


440 


441 


pqpqpqph 


2« 


2l7 


441 


441 


5 


(phY 


2^-5 


5 


5 


1 


61 




2«.3* 


3i 


24 


65 
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Conjugacy classes of H2 = {P2, 112,^2), with subscripts dropped (continued) 



Class 


Representative 


Centrahzerl 


2P 


3P 


5P 


62 


(pqpqh) 


^8 o4 

2 ■ 3 


3i 


25 


63 


63 


(pq^phY 


08 o4 

2 • 3 


3i 


25 


62 


64 


(phphqY 


n8 o4 

2 • 3 


3i 


2i 


64 


65 


3 , 2 


2° ■ 3 


3i 


24 


61 


66 


(])■' qhqhY 


2 ■ 3 


3i 


23 


66 


67 


(pqhqph^y^ 


2 ■ 3 


3i 


22 


67 


68 


7 — 1 , x 4 

(p qphY 


2 ■ 3 


32 


2i 


6s 


69 


(P hqhy 


7^ TTT 

2-' ■ 3 


32 


22 


69 


610 


Tl TV. T" 

p npn pq 


7^ TTT" 

2" ■ 3 


32 


23 


610 


611 


3 — i 

p qhpq 


2° • 3'' 


32 


25 


611 


612 


ii ; 

p hpqnpq 


2° • 3'' 


32 


24 


612 


613 


(qhY 


2° ■ 3 


3i 


26 


613 


614 


{pqph) 


2" ■ 3^ 


3i 


2l2 


616 


615 


(p^hqh)'^ 


2" ■ 3*^ 




3i 


27 


615 


Rh; 


[jxr plr)- 


2 ■ .!- 




'1 


2l2 


(ill 


617 


pl/qplr 


2 ■ ■'>- 




''1 


2 13 


61s 


618 


phqhph" 


08 .-,2 

2 • 3 


3i 


2l3 


617 


619 


'A 1 '1 J 

pq n pnq 


2" ■ 3^ 


3i 


28 


619 


620 


p npqh q 


2" ■ 3^ 


3i 


29 


620 


621 


{pq^hq^Y 


2" ■ 3'^ 


33 


22 


621 


622 


p'^ hphpq 


2" ■ 3'^ 


33 


23 


622 


623 


— ; — ;~ 

q nqnqn 


2'' ■ 3'' 


33 


2i 


623 


624 


2 — 7^ 


2' ■ 3^^ 


32 


26 


624 


625 


1 TT" 

p qp h 


2-3 


32 


28 


625 


626 


— '1 — 7" 

p ripnpn 


2-3 


32 


27 


626 


627 


q^ h^qhqh^ 


2' ■ 3^ 


32 


29 


627 


628 


Q 


77^ — 77T 

2 ■ 3 


33 


24 


628 


629 


5 T~i — 

p qp npn 


2" ■ 3'' 


33 


25 


629 


630 


7 , \'2 

{pqhY 


2" ■ 3 




32 


2io 


630 


f>:!l 




2'" ■ :S 






2ii 


631 


(>:!2 


l> 1"! 


2 ■ :i- 






2l3 


632 


633 


phqhqh'^ 


7^: — 77y~ 

2" • 3- 


32 


2 15 


633 


634 


ph^q^h^ 


2" ■ 3^ 


32 


2l6 


634 


635 


1 1 — 

p qpq pn 


2" ■ 3^ 


32 


2l2 


635 


636 


M , 2 

p n pq 


2' ■ 3 


32 


2l4 


636 


637 


; — 7^ 

qnqn 


77^ T7T 

2" ■ 3 


33 


26 


637 


638 


^ 

p qpq 


2* ■ 3^ 


33 


2l3 


641 


639 


; — n — ;~ 

pqnq pn 


7^ TTT 

2 ■ 3 


33 


2l2 


643 


640 


; — ; — 'TT' 

pnpnq n 


2'' ■ 3^ 


33 


29 


640 


641 


1 — 2 , 2 — 7~ 

p^q^h^qh 


77i 771" 

2 ■ 3 


33 


2l3 


63s 


642 


2 , 1 
p qnpnpq 


2" ■ 3^ 


33 


27 


642 


643 


2 1 1 
p riqpnpq 


2" ■ 3^ 


33 


2l2 


639 


644 


pqh'^ qhph 


2" ■ 3^ 


33 


28 


644 


645 


2 1 

p h 


2" ■ 3 




33 


2l7 


645 


filli 


(p'-r)- 


2" ■ :S 






2i^ 


61G 


()17 


p-qp-(lh 


2'' ■ :i 






2ii) 


647 


648 


p-qpqph 


2" ■ 3 


33 


220 


64s 


649 


2 

p qpq 


o4 .-.2 

2 • 3 


33 


2l5 


649 


650 


2 7 2 
p qhpq 


2 ■ 3 


33 


2l6 


650 


651 


1 — 

p^q'^h 


2 '' ■ 3 


33 


221 


651 


652 


p^ hph^ 


2" ■ 3 


32 


224 


652 


653 


TV 

pqpq h 


2" ■ 3 


33 


222 


653 


81 


7TT 

(p qphy 


2' ■ 3 


4i 


81 


81 


82 


{pqhqhqY 


2' ■ 3 


4i 


82 


82 


83 


(pqY 


77?~ 

2 


44 


83 


83 


84 


pqpqhq 


77r 

2 


420 


84 


84 


85 


— 7~2 — r~ 

pqh qh 


77r 

2 


420 


85 


85 


86 


r~ 

p nqph 


77?~ 

2' 


420 


86 


86 


87 


pqphphq 


77r 

2 


420 


87 


87 




i"rii<i 


777 

2 


111 




8« 


8<) 


i>~<ii><r 


77 

2 


4ii 


8.) 


89 


810 


p^q^ph 


777 

2 


4l6 


810 


810 


811 


p nphq 


2 


4l9 


811 


811 


812 


p^h'^qh 


2« 


427 


812 


812 


813 


P'^qphq 


2« 


427 


813 


813 


814 


pqpqpqh 


2*^ 


4l6 


814 


814 


9 


{pqpqhY 


2^ ■ 3^ 


9 


3i 


9 


lOi 


p^q 


2'' -5 


5 


lOi 


22 


IO2 


p^qh 


2" ■ 5 


5 


102 


2i 


IO3 


2 ,,2 

p h q 


2'' -5 


5 


103 


23 


IO4 


ph 


2" ■ 5 


5 


104 


2l5 
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Conjugacy classes of H2 = {P2,Q2,h2), with subscripts dropped (continued) 



Class 


Representative 


1 Centralizer\ 


2P 


3P 


5P 


IO5 


P q 


2'' • 5 


5 


IO5 


24 


lOe 


phqh 


2'^ • 5 


5 


lOe 


2l6 


IO7 


'2 '1 1 

p q h 


2'^ ■ 5 


5 


IO7 


25 


12i 


7 — 1 7 \'2 

{p qphY 


2-3 


68 


4i 


12i 


122 


{pqhqhqY 


2' ■ 3 


68 


4i 


122 


123 


n 

p npq 


2" ■ 3'' 


64 


4i 


123 


124 


n — 

p'^hqh 


2 ■ 3 


69 


43 


124 


125 


pn qhqh 


77t TTT 

2 • 3 


69 


42 


125 


126 


p h pqhpq 


2" • 3^ 


68 


4i 


126 


127 


pqh 


2° ■ 3 


630 


45 


127 


128 


TT" 

q'^h 


2" • 3 


630 


46 


128 


12g 


pqphq 


2" ■ 3 


630 


47 


129 


12io 


pq h 


2° • 3 


631 


48 


12io 


12ii 


pqphpqh 


2" • 3 


631 


49 


12ii 


12i2 


/'"'//"/"/'" 


2 ■ ■> 


f>:ii) 


111) 


12i2 


12i3 




2-3 


()21 


42 


12l3 


12l4 


pqpqhpq 


2* ■ 3^ 


621 


43 


12i4 


12l5 


qh 


2° • 3 


613 


4ii 


12l5 


12l6 


qh 


2" ■ 3 


630 


4l2 


12l6 


12l7 


pqph 


2" ■ 3 


614 


423 


1224 


12l8 


pqhq 


2" • 3 


631 


4l3 


12l8 


12l9 


1 — 1 — 

p qhq 


2" ■ 3 


614 


425 


1223 


1220 


p hqn 


2" ■ 3 


615 


4l4 


1220 


1221 


'2 I '2 

pq-^h^ 


2" ■ 3 


630 


4l5 


1221 


1222 


phphq 


2" • 3 


64 


44 


1222 


1223 


1 — r2~ 

pq pn 


2'' • 3 


616 


425 


12l9 


1224 


^ — 2 — TT' 

pqph. 


2^ ■ 3 


616 


423 


12l7 


1225 


— r2 — 


2'' • 3 


69 


4l7 


1225 


122(5 


^ — 7^ 

p qfrpq 


2" • 3 


615 


4l6 


1226 


1227 


j)~ h j)h !>J/<! 




fix:; 


ll^ 


1227 


122ts 


p<r 


2 ■ :! 


(>Hi 


I21 


122s 


1229 


7 — 

p q 


2* • 3 


645 


422 


1229 


1230 


p qh 


2* • 3 


646 


424 


1230 


1231 


p hph 


2* • 3 


645 


426 


1231 


I61 


pq 


2-'' 


83 


I61 


I62 


I62 


— T 

p q 


2° 


83 


I62 


I61 


I81 


pqpqh 


2 ■ 3 


9 


62 


I83 


I82 


pqph 


77^ — r73~ 

2 ■ 3 


9 


61 


I85 


I83 


pq ph 


2^ ■ 3"^ 


9 


63 


I81 


I84 


p'^qhqh 


2" ■ 3^ 


9 


66 


I84 


I85 


pq^pqh 


2-' • 3^ 


9 


65 


I82 


186 


pqhqph'^ 


2'' ■ 3^ 


9 


67 


186 


I87 


p"^ hqphq 


2^ • 3^ 


9 


64 


I87 


2O1 


phq 


2^ • 5 


lOi 


2O1 


42 


202 






lOi 


2O2 


13 


24i 


p-qph. 


2^ .3 


12i 


«1 


24i 


242 


pqhqhq 


2- -3 


122 


82 


242 
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A. 4. Conjugacy classes of D2 = (p2,(l2) — {pi,qi), with subscripts dropped 



Class 


Representative 


1 Centralizer\ 


2P 


3P 


5P 


1 


1 


2^" • 3 ■ 5 


1 


1 


1 


2i 




2^" • 3 ■ 5 


1 


2i 


2i 


22 




2^" • 3 ■ 5 


1 


22 


22 


23 


/ 'A '2 2 \5 

(p qpg pq ) 


2^" • 3 ■ 5 


1 


23 


23 


24 


(qV 


2'-' • 3 ■ 5 


1 


24 


24 


25 


{p-'q^p^qpqY 


2'-' •3-5 


1 


25 


25 


26 


(p^qpq-'Y 


2^" ■ 3 


1 


26 


26 


27 


(p^qpq'^r 


2^'^ ■ 3 


1 


27 


27 


2s 


ip'^ qp^ qpqpqY 


2^" ■ 3 


1 


28 


28 


29 


/ '6 2 4 \3 

(p qpqp q ) 


2^" ■ 3 


1 


29 


29 


2io 


(p'^qp^q)'^ 


2^'' 


1 


2io 


2io 


2ii 


/ 2 2 2 2 ^ 2 

(p qpq pqp q ) 


2''' 


1 


2ii 


2ii 


2l2 


{p'^qpqy 


2^" ■ 3 


1 


2l2 


2l2 


2l3 


(p-'qpqp-'qy 


2^" ■ 3 


1 


2l3 


2l3 


2l4 


/ 3 2 2 \4 

(p qp q pq) 


2iti 


1 


2l4 


2l4 


2l5 


(pq^r 


2^^ ■ 3 


1 


2l5 


2l5 


2l6 


(p-'qr 


2^^ ■ 3 


1 


2l6 


2l6 


2l7 


{pqpqpqpq^Y 


2^" ■ 3 


1 


2l7 


2l7 


2is 


(p'^qpq^pqpq'^Y 


2" ■ 3 


1 


2l8 


2l8 


2l9 


{p'q^pqpqT 




1 


2l9 


2l9 


220 


/ 3 2 2 \2 

(p q pqpq ) 


2^* 


1 


220 


220 


221 


/ 2 b \3 
(pq pq ) 


2^'^ ■ 3 


1 


221 


221 


222 


(p'* qpq^ pqpqY 


2^^ ■ 3 


1 


222 


222 


223 


(p^q^pqpqpq^pq^)'^ 


2ia 


1 


223 


223 


224 


p-^ qpqp-' qpq-' pqpqpq-' 


2ia 


1 


224 


224 


225 


(p^qpqY 


2'' ■ 3 


1 


225 


225 


226 


/ '3 '2 '2 2\[-i 

{p q pq pq ) 


2^^ ■ 3 


1 


226 


226 


227 


{V? 


2'-'^ 


1 


227 


227 


228 


{pq'Y 


2I2 


1 


228 


228 


229 


p'\p-' qpqpq^ pqp^ q 


2I2 


1 


229 


229 


230 


p-^ qpqpqpqpqpqpqpq 


2I2 


1 


230 


230 


231 


p-^ qpq-' pqp^ qpqp^ q^ p^ q 


2I2 


1 


231 


231 


232 


p-q- 


2^1 


1 


232 


232 


233 


p'^q-'pqpq^pqp^q 


2^^ 


1 


233 


233 


234 


p-'qpqpqpq-' pqpqpq (Y 


2IU 


1 


234 


234 


3 


(qV 


2" ■ 3 


3 


1 


3 


4i 


{p'qpq^r 


2^^ -3 


22 


4i 


4i 


42 


(p'^qp'^qpqy 


2^^ ■ 3 


22 


42 


42 


43 


ipqr 


2^2 


2i 


43 


43 


44 


[pqpq^pq^Y 


2^2 


2i 


44 


44 


45 


(p^qp^qY 


2^^ 


2io 


45 


45 


46 


(p^q^ pqpqpq^ Y 


2^^ 


2io 


46 


46 


47 


p'^q^pq^pq^pqpq 


2'' 


2io 


47 


47 


48 


3 2 222 
p qpq pqp qp q 


2^' 


2ii 


48 


48 


49 


p\p^ qp'^pqp^ q-' 


2'' 


2io 


49 


49 


4io 


p-^ qp^ tY P'^ qpqp^ q 


2^' 


2ii 


4io 


4io 


4ii 


p\lpqpq-'p\Yp^Q 


2'' 


2ii 


4ii 


4ii 


4l2 


p'\:ip-'qpqp' If p'' qpq 


2'' 


2ii 


4l2 


4l2 




(i'<rY 


2" . :s 


2ir, 


ll;i 


ll:i 


ill 


{Y'lY 


2" . :s 


2i„ 


-111 


4ii 


4l5 


(p'^qpq^pqY 


2" -3 


2l5 


4l5 


4i5 


4l6 


{p'qp'qpq^Y 


2" -3 


2l6 


4l6 


4l6 


4l7 


ip'qpq'Y 


2"' 


26 


4l7 


4l7 


4l8 


(p'^qpqpq^Y 


2I0 


2io 


4l8 


4l8 


4l9 


{p'qp^q^pqY 


2II) 


2l4 


4l9 


4l9 


420 


ip'' qp^ qpqpqY 


2I0 


28 


420 


420 


421 


p^qpqp^qpq-' 


2I0 


28 


421 


421 


422 


p'^ qp^ qpqpq^ pq-' 


2IO 


2i4 


422 


422 


423 


p-'qpqpqp-' qpq"^ 


2 10 


2io 


423 


423 


424 


p-\ipqpqpq^pqp''q 


2IU 


2ii 


424 


424 


425 


p\ip^q^p'\Ypqpq 


2IO 


2ii 


425 


425 


426 


p'\mY pqp'^ q-' pq-' 


2IO 


2io 


426 


426 


427 


p-' QP' <Ypq~ p'Ypiip-' q-' 


210 


22 


427 


427 




p'"' <i~ p'lp' 'f p' <r piip'i' 


olii 


'^C 




I2S 


•I29 


(p''q~p'jp'i)~ 


2'' 


2i., 


•129 


I2.) 


430 


/ 2 2 '2 2\2 
(p qpq p q ) 


2« 


2l9 


430 


430 


431 


3 2 2 2 

p q pq p q 


2« 


2l6 


431 


431 


432 


p^qpqpq" 


2" 


2l6 


432 


432 


433 


p-' qpqpqp^ q-' 


2'-* 


2l5 


433 


433 


434 


2 2 2 2 

p qpq pqp q 


2« 


2ii 


434 


434 


435 


3 2 2 2 

pqpq pqpq 


2" 


2l6 


435 


435 



HYUN KYU KIM 

Conjugacy classes of D2 = {P2,(l2), with subscripts dropped (continued) 



(Jtass 


liep re s e n t a tiv e 


(Jentraiizer\ 


2P 


3P 


5P 




'2 '2 '2 


2" 




436 


436 


437 


1 lit 1 t^^i M 


2-> 


2l6 


437 


437 


438 


T>'^ QT)'^ 0'^ 'DQ^ jD"^ a 


2'-' 


2l3 


438 


438 


439 


V'^ a"^ VQVQVQVQVQ 
1 T 1 HI HI HI 


2^ 


2i6 


439 


439 


440 


HI Ht^H t^Ht^H 


2" 


2l5 


440 


440 


441 


'2 2 2 2 

Ht^ Ht^Ht^ Ht^ H 


2" 




441 


441 


442 


v"^ Q'^ vavaz)^ qvqvq 

I-' H r^HI HI HI^Hi H 


2« 


2ii 


442 


442 


44:! 


li 2 2 2 
1) (ID (1 1 >fl l>(I 1)11 
!' '11' '/ / / / '/ / / 


9" 


2i:; 


ll:; 


443 


444 


<l~ IXJ !)~ IJ~ IKJ !>(J~ !>(J 

y '/ t"i y '1 till r -1 


2'' 


2i(, 


4ii 




445 


p'* oo"^ Q'^ jD*^ QVQ'PQ'P'^ Q 

ir Hr^ H HI HI HI H 


2« 




445 


445 


446 


2 2 

1 HI Hi H 


2« 


2i6 


446 


446 


447 


p"^ q'' pqpq'^ 


2« 




447 


447 


448 


y H 2 

r Ht^Ht^ H 


2« 


2l9 


448 


448 


449 


2 2 2 2 

v ovava v a 

1 Ht^Ht^H r H 


2« 


220 


449 


449 


450 


2 2 2 
V Q'DQ'OQ'D ova 

f HfHfHf HfH 


2« 


220 


450 


450 


451 


2 2 2 2 

1 H t^HI HI H t^H 


2« 


223 


451 


451 


452 


53' aVQ'D'^ Q'Darya'Da 

1 HI HI HI HI HI H 


2« 


2l6 


452 


452 


453 


2 2 2 2 

V av a vavav ava 


2« 


2l9 


453 


453 


454 


2 2 2 2 


2« 


223 


454 


454 


455 


P 


2' 


227 


455 


455 




pq' 


2' 




456 




467 


2 2 
P il DO 00 00 


2' 


227 


457 


457 


458 


l>~ (l~ l>~ (l~ 00 I'd 






1-^ 


45s 


459 


o~ 00 00 00 ' 


2' 


22s 


4,-,.) 


459 


5 


{p-^qY 


2^ ■ 5 


5 


5 


1 


61 


{pq^Y 


2° ■ 3 


3 


2l5 


61 


62 


(p^q)'^ 


2" ■ 3 


3 


2l6 


62 


63 


3" 

P QPQ 


2" ■ 3 


3 


22 


63 


64 


VQVQVQVQ'^ 

t^Ht^Ht^Ht^H 


2" ■ 3 


3 


2l7 


64 


65 


'i 2 2 2 
DOT) ODQ 


2" ■ 3 


3 


23 


65 


66 


v^a^ a^vQ 

f H H t^H 


2" ■ 3 


3 


2i 


66 


67 


S 2 4 
D ODO DODO 


2" ■ 3 


3 


2l8 


67 


68 


q 


2° ■ 3 


3 


24 


68 


69 


p'^ qpq 


2" ■ 3 


3 


2l2 


610 




H 2 

D QT) ODO 

f Ht' HfH 


2° ■ 3 


3 


2l2 


69 


611 


'6 2 

f HI HI H 


2° ■ 3 


3 


2l3 


619 


612 


p' qpq 


2° ■ 3 


3 


27 


612 


61:! 


'A 1 
/' '/ /"/ 


2'' ■ :5 






2(i 


613 


614 


p(j~ jxf' 


2' ■ 3 






221 


614 


615 


'A 2 2 

v a V 000 

f H i it J 


2" ■ 3 






25 


615 


616 


y 2 

V OVQ POPO 

r HfH 1 HI H 


2° ■ 3 


3 




616 


617 


y 2 i 

V QVQV 

f HI HI H 


2° ■ 3 


3 


29 


617 


618 


y '3 

r HfHfH 1 H 


2'' ■ 3 


3 


28 


61s 


619 


S '2 '2 '2 

v a V avav q 

f H 1 HI HI H 


2^ ■ 3 


3 


2l3 


611 


620 


p qpq 


2* ■ 3 


3 




620 


621 


'i 2 '2 2 
v a PQ PQ 

f H fH fH 


2* ■ 3 


3 


226 


621 


81 




2' 


43 


81 


81 


82 


r -1 

p qp q 


2' 


45 


82 


82 


83 


'2 2 
p a POPO 

1 H 1 HI H 


2^ 


45 


83 


83 


84 


2 2 
papa DO 

1 HI H fH 


2^ 


44 


84 


84 


85 


2 2 2 

v OP avo 

f HI HI H 


2^ 


44 


85 


85 


86 


2 2 A 

v a POPO 


2^ 


45 


86 


86 


87 


! ')''' i'tl l>0~ l>~ 0~ 

1 if If! t ' i 




1.-, 


H7 


87 


88 


P~ '//"/" 


2" 


il7 




8s 


89 


p'^ qpq^ 


2'' 


43 


89 


89 




1 HI HI H 


2'> 


4l8 






811 


2 

D ava'Da'Da 

f Ht'HfHl-'H 


2" 


4l7 


811 


811 


812 


y 2 2 

D OT) a va 

f Hf H fH 


2'' 


4l9 


812 


812 


813 


y 2 
V QV QVQVQ 


2^^ 


420 


813 


813 


814 


'3222 
V QV a VQ 

f Hf H fH 


2'* 


4l9 


814 


814 


815 


2 2 2 

T) Q vava'Da 

f H fHfHfH 


2« 


46 


815 


815 


816 


w h 
p apapa 

1 HfHfH 


2« 


4l8 


810 


816 


817 


'3 2 2 
p OVQ V OVQ 

1 HI H 1 HI H 


2*^ 


420 


817 


817 


818 


p-^q^pqpq 


2"- 


429 


818 


818 


819 


'2 2 2 2 
p qpq p q 


2"- 


430 


819 


819 


lOi 


p^q 


2-' • 5 


5 


lOi 


22 


IO2 


2 2 

p q 


2^ ■ 5 


5 


103 


24 


10;i 


p'lP'i 


■->'■'' ■ -, 




102 


24 


lOi 


p'qp<ri»r 


2-' . 




lUi 


23 


IO5 


^ ^ 2 ^ 
p q pq pq 


2^ ■ 5 


5 


IO5 


2i 


106 


3 3 2 
p qp qp q 


2^ ■ 5 


5 


IO7 


25 


IO7 


p-^q^pqpqpq 


2^ ■ 5 


5 


lOe 


25 



REPRESENTATION THEORETIC EXISTENCE PROOF FOR FISCHER GROUP Fijs 

Conjugacy classes 0/-D2 = {P2,<l2), with subscripts dropped (continued) 



Class 


Representative 


— 7 — T- r 

1 CentraLtzer\ 


2P 


3P 


5P 


12i 


pq-' 


2« ■ 3 


61 


4l3 


12i 


122 


p'q 


2" -3 


62 


4l4 


122 


123 




2* -3 


63 


4i 


123 


124 


p-'qpq^pq 


2* ■ 3 


61 


4l5 


124 


125 


p-'qp^qpq 


2« ■ 3 


63 


42 


125 


126 


3 3 '2 
p qp qpq 


2" -3 


62 


4l6 


126 


161 


pq 


2-' 


81 


161 


162 


162 




2'' 


81 


162 


161 



56 HYUN KYU KIM 

A. 5. Conjugacy classes of H{Fi23) = H = {xo,yo,ho), with subscripts dropped 



Class 


Representative 


1 CentraHzer\ 


2P 


3F 


5P 


7P 


IIP 


13P 


1 


1 


. S'' • 5^ ■ 7 • 11 • 13 


1 


1 


1 


1 


1 


1 


2i 




2^" • 3" • 5^ ■ 7 • 11 • 13 


1 


2i 


2i 


2i 


2i 


2i 


22 


(vY 


•2" ■ 3" • 5 ■ 7 • 11 


1 


22 


22 


22 


22 


22 


23 


(xyhy) 


2" ■ 3" • 5 ■ 7 • 11 


1 


23 


23 


23 


23 


23 


24 


X 


2^** ■ 3^^ ■ 5 


1 


24 


24 


24 


24 


24 


25 






1 


25 


25 


25 


25 


25 


26 


(xhY 


2IB . 33 


1 


26 


26 


26 


26 


26 


3i 


(xyxh)^" 


2" • 3' ■ 5 ■ 7 


3i 


1 


3i 


3i 


3i 


3i 


32 


h 


2** -3" 


32 


1 


32 


32 


32 


32 


33 


(xyxy-^Y 


2' -3' 


33 


1 


33 


33 


33 


33 


34 


(xyhyhf' 


2" ■ 3 ' 


34 


1 


34 


34 


34 


34 


4i 


{xy'^xh)'^ 


212 . 33 


24 


4i 


4i 


4i 


4i 


4i 


42 


(yhy 


2^^ • 3^ ■ 5 


25 


42 


42 


42 


42 


42 


43 


(xhy)'-' 


2^^ •3^-5 


25 


43 


43 


43 


43 


43 


44 




2^'^ ■ 3 


24 


44 


44 


44 


44 


44 


45 


(xhY 


2IU . 3!^ 


26 


45 


45 


45 


45 


45 


46 


(xyhY 


2IU . 32 


26 


46 


46 


46 


46 


46 


47 


(xh'y^Y 


2^" ■ 3 


25 


47 


47 


47 


47 


47 


5 


(yhY 


2* • 3 ■ 5^ 


5 


5 


1 


5 


5 


5 


6i 




2" • 3' • 5 ■ 7 


3i 


2i 


61 


61 


61 


61 


62 


(xy h yhy) 


2** -3" 


32 


2i 


62 


62 


62 


62 


63 


(xyxh)^ 


2* • 3° ■ 5 


3i 


22 


63 


63 


63 


63 


64 


(xhy'T 


2" -3" -5 


3i 


23 


64 


64 


64 


64 


65 


xyh'^yh'^xh'^xh 


2' -3' 


33 


2i 


65 


65 


65 


65 


66 


(xyxyhY 


2^-3^ 


32 


23 


66 


66 


66 


66 


67 


(xyxhyY^ 


2** ■3'' 


32 


22 


67 


67 


67 


67 


68 


(xyhyhY 


2'^ ■ 3 ' 


34 


2i 


6s 


6s 


68 


68 


69 


(xy'^ xhY 


2** ■3'' 


32 


24 


69 


69 


69 


69 


610 


(xy''xyhY 


2** •3-* 


32 


25 


610 


610 


610 


610 


611 


(yhyh'Y 


2i^ -3=^ 


3i 


24 


611 


611 


611 


611 


612 


(xh'yy 


2" -3=* 


3i 


25 


612 


612 


612 


612 


613 


y'h 


2^ ■ 3" 


33 


22 


613 


613 


613 


613 


614 


xyxyxhyxhy^ 


2" ■ 3^ 


33 


23 


614 


614 


614 


614 


615 


(xhY 


2** ■ 3-* 


32 


26 


615 


615 


615 


615 


616 


{xhxhy'^hY 


2« ■ 3'^ 


32 


26 


616 


616 


616 


616 


617 


xyhxhxh 


2' • 3-^ 


33 


26 


617 


617 


617 


617 


618 


{xy-' xhyhyY 


2' • 3^ 


33 


26 


61s 


61s 


618 


618 


619 


xyxy'^xyxyhy'^ 


2' ■ 3'' 


3i 


26 


619 


619 


619 


619 


620 


(xyxy^Y 


2« ■ 3-' 


33 


25 


620 


620 


620 


620 


621 


xh'^yh'^y 


2" ■ 3'" 


33 


24 


621 


621 


621 


621 


622 


xyxhy'^ xyh 


2° ■ 3^ 


33 


26 


622 


622 


622 


622 


623 


xyxh'^yhyh 


2° ■ 3^ 


33 


26 


623 


623 


623 


623 


624 


(xyxyhyhY 


2* • 3^ 


34 


26 


624 


624 


624 


624 


625 


xyh'^y'^xh 


2* ■3-' 


34 


26 


625 


625 


625 


625 


7 


(yY 


2"" • 3 ■ 7 


7 


7 


7 


1 


7 


7 


81 


(yhyh'Y 


2' ■ 3 


4i 


81 


81 


81 


81 


81 


82 


(xyhy''hY 


2' ■ 3 


4i 


82 


82 


82 


82 


82 


83 


(y'hY 


2' 


44 


83 


83 


83 


83 


83 


84 


■rilh 


2'' 


lii 


81 


81 


8] 


81 


84 


85 


X y 1 1 ~ !j 1 1 


2" 


-Ui 


8r, 


8r, 


85 


8r, 


85 


9i 


{xyxyhY 


2-^ -3* 


9i 


32 


9i 


9i 


9i 


9i 


92 


{xyhy'Y 


2^ •3* 


92 


32 


92 


92 


92 


92 


93 


{xyhyhY 


2 ■ 3-^ 


93 


34 


93 


93 


93 


93 


lOi 


(y'h'Y 


2* • 3 ■ 5^ 


5 


lOi 


2i 


lOi 


lOi 


lOi 


IO2 


yh' 


2-* • 3 ■ 5 


5 


102 


22 


IO2 


IO2 


IO2 


IO3 


{xhy'Y 


2-^ • 3 ■ 5 


5 


103 


23 


IO3 


IO3 


IO3 


IO4 


{yhY 


2" -5 


5 


104 


25 


IO4 


IO4 


IO4 


IO5 


xh y 


2" ■ 5 


5 


105 


24 


IO5 


IO5 


IO5 


111 


(WY 


2^ • 11 


II2 


111 


111 


II2 


1 


II2 


II2 


(xy'Y 


2^ • 11 


111 


112 


II2 


111 


1 


111 


12i 


{yhyh'Y 


2' ■ 3^ 


611 


4i 


12i 


12i 


12i 


12i 


122 


{xyhy-'hY 


2 ' • 3 '-' 


611 


4i 


122 


122 


122 


122 


123 


TiYxh 


2" ■ 3" 


69 


4i 


123 


123 


123 


123 


124 


■rir-rij'l, 


2« . 3^ 


Cil2 


l:l 


12 1 


12i 


12 I 


124 


125 


xyxy'xU:' 


2'' ■ :i- 


(il2 


I2 


12r, 


12r, 


12r, 


125 


126 


xy'^xhxhyhy 


2« -3^ 


611 


4i 


126 


126 


126 


126 


127 


xh 


2" ■ 3^ 


615 


45 


127 


127 


127 


127 


128 


xyxh'^y 


2" ■ 3^ 


615 


46 


128 


128 


128 


128 


129 


xhxhy'^h 


2" ■ 3^ 


616 


46 


129 


129 


129 


129 


12io 


xy'^xhyhy 


2" ■ 3^ 


618 


45 


12io 


12io 


12io 


12io 


12ii 


xhxh'^y'^ 


2" ■ 3" 


618 


46 


12ii 


12ii 


12ii 


12ii 



REPRESENTATION THEORETIC EXISTENCE PROOF FOR FISCHER GROUP Fijs 



Conjugacy classes of H = {xo,yo,ho), with subscripts dropped (continued) 



Class 


Representative 


Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


13P 


12l2 


xhy'^hyh 


T' ■ 3 


616 


45 


12l2 


12l2 


12l2 


12l2 


12l3 


'A 

xyxy 


2* • 3^ 


620 


42 


12l3 


12l3 


12l3 


12l3 


12i4 


xyxhy h 


2* • 3^ 


620 


43 


12i4 


12i4 


12l4 


12i4 


12l5 


xh y^ 


2^ ■ 3 


612 


47 


12l5 


12l5 


12l5 


12l5 


12l6 


Ti TT~ 

xy ay n 


2'' ■ 3 


69 


44 


12l6 


12l6 


12l6 


12l6 


12i7 


xyxyhyh 


2 ' ■ 3^ 


624 


46 


12l7 


12l7 


12i7 


12i7 


12l8 


'-! 7 y — ;~ 

xy a xn 


2 ■ 3 


624 


45 


12is 


12is 


12is 


12is 


13i 


7 '-! I .'2 

(xyViy 


2 • 13 


132 


13i 


132 


132 


132 


1 


132 


7 TTTTT 

(xyVir 


2 • 13 


13i 


132 


13i 


13i 


13i 


1 


111 


' 2" 

xy 


2^ ■ 3 ■ 7 


7 


14i 


14i 


2i 


14i 


14i 


142 


y 


2 ■ 7 


7 


142 


142 


22 


142 


142 


143 




772 — ^ 

2 ■ 7 


7 


143 


143 


23 


143 


143 


15 


[xyxh) 


2^ ■ 3 ■ 5 


15 


5 


3i 


15 


15 


15 


16i 


y h 


2° 


83 


I61 


I62 


I62 


I61 


I62 


If) 2 


./■//.T ///;// 


2'' 


8;; 


1(12 


Kii 


Kii 


l(l2 


Kii 


1»1 


xlitj' h i/~ li 


2 -3 


iJl 


(i2 


l«i 


l«i 


1«1 


l«i 


I82 


xy h yhy 


2^ ■ 3* 


92 


62 


I82 


I82 


I82 


I82 


I83 


xyxyh 


2^ ■ 3 


9i 


66 


I85 


I83 


I85 


I83 


I84 


xyxhy 


2"^ ■ 3 


9i 


67 


186 


I84 


186 


I84 


I85 


2 — i — 

xy xny 


2^ ■ 3 


9i 


66 


I83 


I85 


183 


I85 


186 


xhy'^h'^ 


2" ■ 3'' 


9i 


67 


I84 


186 


184 


186 


187 


xyhy-'^ 


2^ ■ 3^ 


92 


66 


I87 


I87 


187 


I87 


188 


xyxh'^xh 


2^ ■ 3'' 


92 


67 


188 


18s 


188 


188 


189 


xy^xyh 


2 * ■ 3^ 


9i 


610 


189 


I89 


189 


189 


1810 


xh^yhy 


2-* ■ 3^ 


9i 


69 


1810 


I810 


1810 


1810 


1811 


xyhyh 


2 ■ 3-* 


93 


6s 


1811 


I811 


1811 


1811 


201 


yh 


2 '-^ ■ 5 


lOi 


201 


42 


2O1 


201 


201 




■rh.!i 


■^■^ - Ti 


10 1 


202 


l;l 


2O2 


2()2 


2(l2 


21 


xliyluj 


2 ■ :! ■ 7 


21 


' 


21 


■'1 


21 


21 


22i 


7- 

xy 


2 ■ 11 


111 


22i 


22i 


223 


2i 


223 


222 


xyhy 


2^ • 11 


111 


222 


222 


22,5 


23 


225 


223 




xyxh 


2^ ■ 11 


II2 


223 


223 


22i 


2i 


22i 


224 


1 — 2" 

xyxhy 


2^ ■ 11 


II2 


224 


224 


226 


22 


226 


22s 


xyhxh 


2^ ■ 11 


II2 


225 


225 


222 


23 


222 


226 


2 2 J 

xy xy h 


2^ • 11 


111 


226 


226 


224 


22 


224 


24i 


yhyh'^ 


2* ■ 3 


12i 


81 


24i 


24 1 


24i 


24i 


242 


xyhy^ h 


2" -3 


122 


82 


242 


242 


242 


242 


26i 


xy'^h 


2 • 13 


13i 


26i 


262 


262 


262 


2i 


262 


xhy^ h 


2 • 13 


132 


262 


26i 


26 1 


26 1 


2i 


30 1 


xyxh 


2^ • 3 ■ 5 


15 


IO2 


63 


3Qi 


30i 


30i 


3O2 


xhy'^ 


2^ • 3 ■ 5 


15 


IO3 


64 


3O2 


3O2 


3O2 


3O3 


y'h' 


2^ ■ 3 ■ 5 


15 


lOi 


61 


3O3 


3O3 


3O3 


42 


xhy^hy 


2 • 3 • 7 


21 


14i 


42 


61 


42 


42 
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A. 6. Conjugacy classes of & = (y, t), f), c) 



Class 


Representative 


1 Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


13P 


17P 


23P 


1 


1 


21S . s^a . g:; . 7 . 11 . 13 . 17 . 23 


1 


1 


1 


1 


1 


1 


1 


1 


2i 


(y)' 


2^" . 3" • 5^ • 7 - 11 ■ 13 


1 


2i 


2i 


2i 


2i 


2i 


2i 


2i 


22 


e 


2i» . 3" ■ 5 • 7 ■ 11 


1 


22 


22 


22 


22 


22 


22 


22 


23 


X 


2l« ■3^-5 


1 


23 


23 


23 


23 


23 


23 


23 


3i 


(her 


2« . 3^" ■ 5 • 7 ■ 13 


3i 


1 


3i 


3i 


3i 


3i 


3i 


3i 


32 


h 


2IU . 3I3 


32 


1 


32 


32 


32 


32 


32 


32 


33 


(xyehr 


2' -3'" -5 


33 


1 


33 


33 


33 


33 


33 


33 


34 


(xyhyh)" 


24 . 3IO 


34 


1 


34 


34 


34 


34 


34 


34 


4i 


(xhyf 


2^^ • 3" ■5 -7 


22 


4i 


4i 


4i 


4i 


4i 


4i 


4i 


42 


(xyhY 


2^^ • 3^^ 


23 


42 


42 


42 


42 


42 


42 


42 


43 


xe 


2^^ ■3^-5 


22 


43 


43 


43 


43 


43 


43 


43 


44 


(xhY 


212 . 32 


23 


44 


44 


44 


44 


44 


44 


44 


5 


(yhT 


2* ■ 3'' ■ 5^ • 7 


5 


5 


1 


5 


5 


5 


5 


5 


6i 


{xyxhY 


2" ■ 3' • 5 • 7 


3i 


2i 


61 


61 


61 


61 


61 


61 


62 


{xyxhyY 


2« •3'' 


32 


2i 


62 


62 


62 


62 


62 


62 


63 


(hey 


2" • 3" • 5 


3i 


22 


63 


63 


63 


63 


63 


63 


64 


[yeheY 


2^ .3'* 


32 


22 


64 


64 


64 


64 


64 


64 


65 


xheh'^e 


2' ■ 3' 


33 


2i 


65 


65 


65 


65 


65 


65 


66 


{xhY 


2IU . 3b 


32 


23 


66 


66 


66 


66 


66 


66 


67 


(xehyY 


2' ■ 3° • 5 


33 


23 


67 


67 


67 


67 


67 


67 


6s 


(xhyeY 


2« ■ 3'' 


32 


23 


68 


68 


68 


68 


68 


68 


69 


(xheY 


2" • 3^^ 


3i 


23 


69 


69 


69 


69 


69 


69 


610 


(xyhyhY 


2'' • 3'' 


34 


2i 


610 


610 


610 


610 


610 


610 


611 


(xyehY 


2° • 3" 


33 


22 


611 


611 


611 


611 


611 


611 


612 


{xyexeY 


2' • 3* 


33 


23 


612 


612 


612 


612 


612 


612 


613 


xh'^ehe 


2" • 3* 


33 


23 


613 


613 


613 


613 


613 


613 


614 


xyhyehe 


2" • 3° 


34 


23 


614 


614 


614 


614 


614 


614 


615 


[xh'eyY 


2'' ■3'' 


34 


23 


615 


616 


616 


616 


616 


615 


7 


ivY 


2^ ■ 3 ■ 5 • 7 


7 


7 


7 


1 


7 


7 


7 


7 


81 


xyh 


2' ■ 3 


42 


81 


81 


81 


81 


81 


81 


81 


82 


{xyeY 


2' ■ 3 


44 


82 


82 


82 


82 


82 


82 


82 


83 


xey 


2' ■ 3 


42 


83 


83 


83 


83 


83 


83 


83 


9i 


{xyh'eY 


2^ ■ 3 ' 


9l 


32 


9i 


9i 


9i 


9i 


9i 


9i 


92 


{xhyeY 


2^ ■ 3" 


92 


32 


92 


92 


92 


92 


92 


92 


93 


(xyheyY 


2^ ■ 3" 


93 


32 


93 


93 


93 


93 


93 


93 


94 


(yh'eh'Y 


2 • 3" 


94 


32 


94 


94 


94 


94 


94 


94 


95 


(xyhyhY 


2 • 3* 


96 


34 


95 


95 


95 


95 


95 


95 


lOi 


yh' 


2* ■ 3 • 5^ 


5 


lOi 


2i 


lOi 


lOi 


lOi 


lOi 


lOi 


IO2 


(yhY 


2* ■ 3 • 5 


5 


IO2 


22 


IO2 


IO2 


IO2 


IO2 


IO2 


IO3 


xh^y 


2" ■ 3 • 5 


5 


IO3 


23 


IO3 


IO3 


IO3 


IO3 


IO3 


11 


(xy'r 


2^ ■ 11 


11 


11 


11 


11 


1 


11 


11 


11 


12i 


(xeyh^Y' 


2" ■ 3^ • 5 


63 


4i 


12i 


12i 


12i 


12i 


12i 


12i 


122 


(xheh)'^ 


2' ■ 3^ 


69 


42 


122 


122 


122 


122 


122 


122 


123 


xyxh^y 


2' ■ 3^ 


66 


42 


123 


123 


123 


123 


123 


123 


124 


xehe 


T' ■ 3* 


68 


42 


124 


124 


124 


124 


124 


124 


125 


{xyheyY 


2" ■ 3* 


64 


4i 


125 


125 


125 


125 


125 


125 


126 


xh 


2' ■ 3^ 


66 


44 


126 


126 


126 


126 


126 


126 


127 


xhe 


2' ■ 3^ 


69 


42 


12- 


12- 


127 


127 


127 


127 


128 


.r!./:rh:rJi( 


2'- . 


612 


I2 


12,s 


12,v 


12^ 


12s 


12,s 


128 


12.) 


iiC 


2- ■ :Y 


(>:! 


4;! 


12h 


12!, 


12;, 


12!, 


12!, 


129 


12io 


xyeh 


2^ • 3-' 


611 


4l 


12io 


12io 


12io 


12io 


12io 


12io 


12ii 


xyexe 


2'^ ■ 3^ 


612 


44 


12ii 


12ii 


12ii 


12ii 


12ii 


12ii 


12l2 


xhexeh 


2" • 3^ 


68 


44 


12l2 


12l2 


12l2 


12l2 


12l2 


12l2 


12l3 


xh^ ey 


2' • 3-^ 


615 


42 


12l3 


12l3 


12l3 


12l3 


12l3 


12l3 


12l4 


y-^e 


2* • 3^ 


611 


43 


12l4 


12l4 


12l4 


12l4 


12l4 


12l4 


12l5 


xeyhey 


2^ • 3^ 


61 s 


44 


12l5 


12l5 


12l5 


12l6 


12l5 


12l5 


13i 


yeh 


2 • 3 ■ 13 


132 


13i 


132 


132 


132 


1 


13i 


l3i 


132 


[xy^ehY 


2 • 3 ■ 13 


13i 


132 


13i 


13i 


13i 


1 


132 


132 


14i 


y 


2^ • 3 • 7 


7 


14i 


14i 


2i 


14i 


14i 


14i 


14i 


142 


xyxe 


2^ • 7 


7 


142 


142 


22 


142 


142 


142 


142 


15i 


(xyxh)''' 


2" ■ 3-' • 5 


15i 





3i 


15i 


15i 


15i 


15i 


15i 


152 


{■r<hsiY 


2 . 3^ . 5 


i-'>2 




3:; 


i-'>2 


I'" 2 


I'" 2 


i-'>2 


152 


I61 


Xl)l: 


2'' 


■S2 


llil 


1()2 


1()2 


l(>i 


1()2 


llil 


I62 


I62 


yheh 


2'' 


82 


162 


I61 


I61 


I62 


I61 


I62 


I61 


17 


xhey 


17 


17 


17 


17 


17 


17 


17 


1 


17 


I81 


xyxhy 


2^ • 3" 


92 


62 


I81 


I81 


I81 


I81 


I81 


I81 


I82 


xeyxeh 


2^ • 3* 


93 


62 


I82 


I82 


I82 


I82 


I82 


I82 


I83 


xhye 


2'' ■ 3" 


92 


68 


I83 


I83 


I83 


I83 


I83 


I83 


I84 


yehe 


2'' ■ 3" 


92 


64 


I84 


I84 


I84 


I84 


I84 


I84 


I85 


(xyheyY 


2^ ■ 3^ 


93 


64 


I85 


I85 


I85 


I85 


I85 


I85 


186 


xhehy 


2^ • 3^ 


9i 


68 


186 


186 


186 


186 


186 


186 
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Conjugacy classes of = (y, t), f),e) (continued) 



Class 


Representative 


Centralizer\ 


2P 


3P 


5P 


7P 


IIP 


13P 


17P 


23P 


I87 


xyhyh 


2 ■ 3-^ 


95 


610 


I87 


I87 


I87 


I87 


I87 


I87 


188 




2 ■ 3-^ 


94 


68 


188 


188 


188 


188 


188 


188 


2O1 


xhy 


2^ • 3 ■ 5 


IO2 


2O1 


4i 


2O1 


2O1 


2O1 


2O1 


2O1 


2O2 


yh 


2^ ■ 5 


IO2 


2O2 


43 


2O2 


2O2 


2O2 


2O2 


2O2 


21 


yhe 


2 • 3 ■ Y 


21 


y 


21 


3i 


21 


21 


21 


21 


22i 


'T- 

xy 


2^ • 11 


11 


22i 


22i 


223 


2i 


223 


223 


22i 


222 


xyhy 


2^ • 11 


11 


222 


222 


222 


22 


222 


222 


222 


223 


7~ 

xey 


2^ • 11 


11 


223 


223 


22i 


2i 


22i 


22i 


223 


23 1 




xyea 


23 


23i 


23i 


232 


232 


232 


23 1 


232 


1 


232 


yh ye 


23 


232 


232 


23 1 


23 1 


23 1 


232 


23 1 


1 


24 1 


xheh 


2* • 3 


122 


83 


24 1 


24 1 


24 1 


24 1 


24 1 


24 1 


242 


xyhyxe 


2* -3 


126 


82 


242 


242 


242 


242 


242 


242 


243 


xyhy'^h 


2* • 3 


127 


81 


243 


243 


243 


243 


243 


243 


26i 


xy'^h 


2 • 13 


13i 


26i 


262 


262 


262 


2i 


26i 


26i 


262 


xy'^ eh 


2 • 13 


132 


262 


26i 


26i 


26i 


2i 


262 


262 


27 


xyh'^e 


3^ 


27 


9i 


27 


27 


27 


27 


27 


27 


28 


xhyhxe 


2^ ■ 7 


142 


28 


28 


4i 


28 


28 


28 


28 


30i 


xhy'' 


2^ • 3 ■ 5 


15i 


IO2 


63 


30i 


30i 


30i 


30i 


30i 


3O2 


xyxh 


2^ • 3 ■ 5 


15i 


lOi 


61 


3O2 


3O2 


3O2 


3O2 


3O2 


3O3 


xehy 


2 • 3 ■ 5 


152 


103 


67 


3O3 


3O3 


3O3 


3O3 


3O3 


35 


y^he 


5 ■ 7 


35 


35 


7 


5 


35 


35 


35 


35 


36i 


xyhey 


2^ • 


I85 


125 


36i 


36i 


36i 


36i 


36i 


36i 


362 


xy^eyh 


2-' ■ 3'-' 


186 


124 


362 


362 


362 


362 


362 


362 


39i 


xhyhe 


3 • 13 


392 


i:-!2 


:i92 


:i92 


:i92 


■ii 


39 1 


39 1 


392 


xh^xey 


3 • 13 


39i 


13i 


39 1 


39 1 


39 1 


3i 


392 


392 


i'l 


yeyeh 


2 • 3 ■ 7 


'21 


14i 


i2 


til 


i2 


i2 


i2 


i2 


60 


xeyh'^ 


2^ • 3 • 5 


30i 


2O1 


12i 


60 


60 


60 


60 


60 
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Appendix B. Character Tables of Local Subgroups of Fi23 and 2Fi22 



B.l. Character table of £(¥123) = E = (xi,yi,ei) 



2 


18 


18 


18 


18 


14 


14 


7 


11 


12 


12 


11 


9 


9 


8 


3 


7 


7 


7 


6 


6 


5 


5 


3 


3 


3 


2 


2 


2 


2 


1 


1 


2 


1 


1 


1 


1 








1 


2 


2 


2 


2 


2 


1 


1 






5 


1 


1 


1 


1 






1 
















1 


1 


















7 


1 


1 


1 




i 






1 






























1 


1 


11 


1 


1 














































23 


1 


















































la 


'la 


•lb 


Ic 


Id 


'le 


3a 


4a 


46 


4c 


4d 4e 4/ 


ig 5a 


ba 


66 


6c 


6ci 


6e 


(i.f 


ti.9 


7a 


76 


2P 


la 


la 


la 


la 


la 


la 


Sa 


26 


2c 


2c 


26 


2e 


2e 


2d 


5a 


3a 


3a 


3a 


3a 


3a 


3a 


3a 


7a 


76 


3P 


la 


2a 


26 


2c 


2d 


2e 


la 


4a 


46 


4c 


4d 


4e 4/ 


49 


6a 


2c 


2c 


2a 


26 


2c 


2d 


2c 


76 


7a 


5P 


la 


2a 


2b 


2c 


2d 


2c 


3a 


4a 


46 


4c 


id 


4c if 


ig 


la 


6a 


66 


6c 


6d 


6e 6/ 


6g 


76 


7a 


7P 


la 


2a 


2b 


2c 


2d 


2e 


3a 


4a 


46 


4c 


id 


4c if 


49 


5 a 


6a 


66 


6c 


6ti 


6c 6/ 


69 


la 


la 


IIP 


la 


2a 


2b 


2 c 


2d 


2e 


3a 


4a 


46 


4c 


id 


4c 


if 


49 


5 a 


6 a 


66 


6 c 


6d 


/^'^ 


6/ 


69 


7a 


76 


23P 


la 


2a 


2b 


2c 


2d 


2c 


3a 


4a 


46 


4c 


id 


4c if 


49 


5a 


6a 


66 


6c 


6d 


DC 


6.f 


69 


7a 


76 


A.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


1 


1 


1 


1 


1 


i 


1 


1 


i 


i 


1 


X.2 


22 


22 


22 


22 


6 


6 


4 


6 


6 


6 


6 


2 


2 


2 


2 


4 


4 


4 


4 


4 






1 


1 


X.3 


45 


45 


45 


45 


-3 


-3 




-3 


-3 


-3 


-3 


1 


1 


1 


















A 


A 


XA 


45 


45 


45 


45 


-3 


-3 




-3 


-3 


-3 


-3 


1 


1 


1 


















A 


A 


X.5 


230 


230 


230 


230 


22 


22 


5 


22 


22 


22 


22 


2 


2 


2 




5 


5 


5 


5 


5 


1 


1 


-1 


-1 


X.6 


231 


231 


231 


231 


7 


7 


6 


7 


7 


7 


7 


-1 


-1 


-1 


i 


6 


6 


6 


6 


6 


-2 


-2 






X.7 


231 


231 


231 


231 


7 


7 


-3 


7 


7 


7 


7 


-1 


— 1 


-1 


1 


-3 


-3 


-3 


-3 


-3 


1 


1 






X.8 


231 


231 


231 


231 


7 


7 


-3 


7 


7 


7 


7 


— 1 


— 1 


-1 


1 


— 3 


-3 


-3 


-3 


— 3 


1 


1 






X.9 


253 


253 


253 


253 


13 


13 


1 


13 


13 


13 


13 


1 


1 


1 


-2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.IO 


253 


-99 


29 


-3 


29 


-3 


10 


-15 


-3 


5 


1 


5 


— 3 


1 


3 




-6 




2 


■ 


2 




1 


1 


X.ll 


506 


154 


26 


— 6 


42 


10 


11 


14 


-6 


2 


-2 


6 


— 2 


2 


1 


9 


3 


i 


— 1 


— 3 


3 


i 


2 


2 


X.12 


770 


770 


770 


770 


-14 


-14 


5 


-14 


-14 


-14 


— 14 


-2 


— 2 


— 2 




5 


5 


5 


5 


5 


1 


1 






X.13 


770 


770 


770 


770 


— 14 


-14 


5 


-14 


— 14 


-14 


— 14 


— 2 


— 2 


— 2 




6 


5 


5 


5 


5 


1 


1 






X.14 


896 


896 


896 


896 






-4 
















1 


-4 


-4 


-4 


-4 


— 4 










X.15 


896 


896 


896 


896 






-4 
















1 


—4 


—4 


—4 


—4 


— 4 










X.Ui 


990 


990 


990 


990 


-18 


-18 




-18 


-18 


-18 


-18 


2 


2 


2 


















A 


A 


X.17 


990 


990 


990 


990 


-18 


-18 




-18 


-18 


-18 


-18 


2 


2 


2 


















A 


A 


X.18 


1035 


1035 


1035 


1035 


27 


27 




27 


27 


27 


27 


— 1 


— 1 


-1 


















-1 


-1 


X.19 


1288 


-56 


-56 


8 


56 


-8 


16 




8 


-8 




4 


4 


-4 


3 


-10 


2 


-2 


-2 


2 


2 


-2 






X.20 


1518 


-594 


174 


-18 


62 


— 2 


15 


-34 


-2 


14 


-2 


2 


2 


2 


3 


— 15 


-9 


9 


3 


— 3 


— 1 


1 


— i 


-i 


X.21 


2024 


2024 


2024 


2024 


8 


8 


-1 


8 


8 


8 


8 








-1 


— 1 


-1 


-1 


— 1 


— 1 


— 1 


— 1 


1 


1 


X.22 


2530 


-990 


290 


-30 


-46 


18 


10 


18 


18 


2 


-14 


-2 


-2 


-2 






-6 




2 




2 




A 


A 


X.23 


2530 


-990 


290 


-30 


-46 


18 


10 


18 


IS 


2 


-14 


-2 


-2 


-2 






-6 




2 




2 




A 


A 


X.24 


3542 


-1386 


406 


-42 


70 


6 


~y 


-42 


6 


22 


-10 


2 


2 


2 


-3 


15 


-3 


-9 


1 


3 


1 


3 






X.25 


3542 


1078 


182 


-42 


70 


-26 


14 


42 


-10 


14 


-6 


2 


-6 


-2 


2 


6 


6 


-2 


2 


-6 


-2 


-2 






X.26 


3542 


-1386 


406 


-42 


70 


6 


5 


-42 


6 


22 


-10 


2 


2 


2 


-3 


-16 


-3 


9 


1 


-3 


1 


-3 






X.27 


3796 


-1485 


435 


-45 


83 


-13 


16 


-41 


-13 


11 


7 


3 


-6 


-1 




16 


-9 


-9 


3 


3 


-1 


-1 


i 


i 


X.28 


3795 


-1485 


435 


-45 


-13 


19 


16 


-1 


19 


11 


-17 


-5 


3 


-1 




-16 


-9 


9 


3 


—3 


— 1 


1 


1 


1 


X.29 


6313 


-2079 


609 


-63 


49 


17 


-16 


-35 


17 


25 


-19 


-3 


6 


1 


3 


16 


9 


-9 


-3 


3 


1 


-1 






X.30 


7084 


2156 


364 


-84 


140 


76 


19 


28 


-20 


-4 


-4 


4 


4 


4 


-1 


21 


3 


5 


-6 


-3 


-1 


1 






X.31 


8866 


-3465 


1016 


-106 


7 


39 


-10 


—21 


39 


31 


-37 


3 


-6 


-1 






6 




—2 




-2 








X.32 


10120 


3080 


520 


— 120 


168 


40 


-5 


56 


— 24 


8 


-8 










-15 


3 


-7 


7 


-3 


3 


i 


— 2 


—2 


X.33 


10626 


3234 


546 


— 126 


— 14 


-46 


6 


14 


2 


10 


-2 


-2 


6 


2 


i 


-6 


6 


-6 


6 


-6 


-2 


2 






X.34 


10626 


3234 


546 


-126 


-14 


-46 


-3 


14 


2 


10 


-2 


-2 


6 


2 


1 


3 


-3 


3 


-3 


3 


1 


-1 






X.35 


10626 


3234 


546 


— 126 


— 14 


-46 


-3 


14 


2 


10 


-2 


-2 


6 


2 


1 


3 


-3 


3 


-3 


3 


1 


— 1 






X.36 


11386 


-4455 


1306 


-136 


-87 


9 




45 


9 


-15 


-3 


5 


-3 


1 


















A 


A 


X.37 


11386 


-4455 


1305 


-136 


-87 


9 




45 


9 


-15 


-3 


5 


-3 


1 


















A 


A 


X.38 


12880 


-560 


-560 


80 


112 


-16 


16 




16 


-16 




8 


8 


-8 




-10 


2 


-2 


-2 


2 


-2 


2 






X.39 


12880 


-560 


-560 


80 


-112 


16 


10 




-16 


16 












-10 


2 


-2 


-2 


2 


2 


-2 






X.40 


12880 


-560 


-560 


80 


-112 


16 


10 




-16 


16 












-10 


2 


-2 


-2 


2 


2 


-2 






X.41 


14168 


-616 


-616 


88 


168 


-24 


20 




24 


-24 




-4 


-4 


4 


3 


-20 


4 


-4 


-4 


4 










X.42 


14168 


4312 


728 


-168 


56 


-72 


11 


56 


-8 


24 


-8 








-2 


9 


3 


1 


-1 


-3 


-i 


-3 






X.43 


17710 


5390 


910 


-210 


-98 


62 


26 


-70 


14 


-26 


10 


-6 


2 


-2 




15 


9 


-1 


1 


-9 


1 


-1 






X.44 


20608 


-896 


-896 


128 






-20 
















3 


20 


-4 


4 


4 


-4 










X.45 


20608 


-896 


-896 


128 






-20 
















3 


20 


-4 


4 


4 


-4 










X.46 


22770 


-8910 


2610 


-270 


162 


-30 




-78 


-30 


18 


18 


-2 


-2 


-2 


















-i 


-i 


X.47 


22770 


6930 


1170 


-270 


-126 


-30 




-42 


18 


-6 


6 


6 


-2 


2 


















F 


F 


X.48 


22770 


6930 


1170 


-270 


-126 


-30 




-42 


18 


-6 


6 


6 


-2 


2 


















F 


F 


X.49 


26565 


-10395 


3045 


-315 


-91 


5 


15 


49 


5 


-19 


1 


-3 


6 


1 




15 


-9 


-9 


3 


3 


-1 


-1 






X.50 


28336 


8624 


1456 


-336 


112 


112 


-14 




-16 


-16 










i 


-6 


-6 


2 


-2 


6 


-2 


-2 






X.51 


30360 


-11880 


3480 


-360 


-8 


-8 


-15 


8 


-8 


-8 


8 










-15 


9 


9 


-3 


-3 


1 


1 


1 


i 


X.52 


32384 


9856 


1664 


-384 






-16 
















-i 


-24 




-8 


8 








2 


2 


X.53 


35420 


10780 


1820 


-420 


28 


-36 


5 


28 


-4 


12 


-4 


-4 


-4 


-4 




16 


-3 


7 


-7 


3 


i 


3 






X.54 


66672 


-2464 


-2464 


362 


224 


-32 


-10 




32 


-32 










-3 


10 


-2 


2 


2 


-2 


2 


-2 






X.BB 


67960 


-2520 


-2520 


360 


-168 


24 






-24 


24 




4 


4 


-4 






















X.56 


70840 


-3080 


-3080 


440 


-66 


8 


16 




-8 


8 




-4 


-4 


4 




-10 


2 


-2 


-2 


2 


-2 


2 
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Character table of E {¥123) (continued) 



2 


7 


7 


7 


5 


5 


3 3 


3 


1 


1 


5 




4 


4 


3 


3 


2 


2 


2 


2 


1 


1 


5 


6 


1 


1 


3 












1 








1 


1 


1 


1 














1 


1 










5 












1 1 


i 


























1 


1 










7 




























1 


1 


1 


1 


1 


1 














11 
















1 


1 






























1 


1 


23 






















































"So" 


"55" 


8c 


8d 


8e lUa 1U6 lUc 11a 116 12a 126 12c 12ci 14a 146 14c 14ci 14e 14/ 15a 156 IBa 186 22a 226 


— 277 


~5F" 


""5c" 


4c 4e 4f 


5a 5a 


5a 116 11a 


66 


66 


6d 


6d 


76 


7a 


7a 


76 


76 


7a 15a 156 


8a 


8a 11a 


116 


3P 


8a 


86 


8c 


8d 


8e 10a 106 10c 11a 116 


46 


4c 


4d 


4a 146 14a 14d 14c 14 f 14e 


5a 


5a 16a 


166 22a 


226 


5P 


8a 


86 


8c 


8d 


8e 


2c 26 


2a 11a 116 12a 126 12c 12d 146 14a 14d 14c 14 f 14e 


3a 


3a 


166 16a 22a 


226 


7P 


8a 


86 


8c 


8d 


8e 10a 106 10c 116 11a 12a 126 12c 12d 


26 


26 


2a 


2a 


2d 


2d 156 15a 


166 16a 


226 22a 








8c 


8d 


8e 10a 106 10c 


la 


la 12a 126 12c 12d 14a 146 14c 14d 14e 14f 156 15a 


16a 


166 


2a 


2a 


23P 


8a 


86 


8c 


8d 


8 c 


lOa 106 lOc 


11a 


116 12a 126 12c 12d 14a 


146 


14c 14d 


14c 


14/ 15a 


156 


166 16a 22a 


226 


X.l 


— Y 


— 5- 


1 


1 


I 


1 1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


1 


1 


i 


1 


1 


1 


1 


X.2 


2 


2 


2 






2 2 


2 














1 


1 


1 


1 


-1 


-1 


-1 


-1 










X.3 


1 


1 


1 


-1 


-1 






1 


1 










A 


A 


A 


A 


-A 


-A 






-1 


-1 


1 


1 


XA 


1 


1 


1 


-1 


-1 






1 


1 










A 


A 


A 


A 


-A 


—A 






— 1 


— 1 


1 


1 


X.5 


2 


2 


2 










-1 


_1 


1 


1 


1 


1 


_1 


-1 


_1 


_1 


1 


1 










_1 


-1 


X.6 


— 1 


— 1 


-1 


-1 


-1 


1 1 


1 






_2 


_2 


_2 


_2 














1 


i 


_1 


_1 






X 7 


^ 


^ 


-1 


-1 


— 1 


^ \ 


\ 








\ 


\ 


\ 
















B 


\ 


_ ^ 






X.S 






_1 


_1 


_1 


1 1 


1 






1 




\ 


1 
















ji 


_1 


_1 






X.9 




1 


1 


_1 


-1 


-2 -2 


-2 






1 


1 


1 


1 


1 


1 


1 


1 


-1 


-1 


1 


1 


-1 


-1 






X.IO 


1 


—3 


1 


1 


1 


-3 -1 


1 








2 


-2 




1 


1 


-1 


-1 


1 


1 






-1 


-1 






X.ll 


— 2 


2 


_2 






-1 1 


-1 






-3 


-1 


1 


-i 


-2 


-2 










i 


i 










X.12 


_2 


_2 


_2 














1 


1 


1 


1 


























X.13 


— 2 


—2 


-2 














1 


1 


1 


1 


























X 14 












1 1 


1 


D 


D 






















1 


1 






D 


D 


X .15 












1 1 


1 


D 


D 






















1 


1 






D 


D 


X.16 


2 


2 


2 






















A 


A 


A 


A 


A 


A 














X.17 


2 


2 


2 






















A 


A 


A 


A 


A 


A 














X.18 


-1 


-1 


-1 


i 


i 






i 


i 










-1 


-1 


-1 


-1 


-1 


-1 










i 


i 


X.19 








-2 


2 


3 -i 


-i 


1 


1 


2 


-2 


























-1 


-1 


X.20 


2 


-2 


-2 






-3 -1 


1 






1 


-1 


i 


-i 


-i 


-i 


i 


i 


-i 


-i 














X.21 












-1 -1 


-1 






-1 


-1 


-1 


-1 


1 


1 


1 


1 


1 


1 


—1 


—1 










X.22 


—2 


2 


2 
















2 


-2 




A 


A 


-A 


-A 


A 


A 














X.23 


—2 


2 


2 
















2 


-2 




A 


A 


-A 


-A 


A 


A 














X.24 


2 


—2 


-2 






3 1 


-1 






3 


1 


-1 


-3 
































-2 






-2 2 


-2 






2 


2 


















— 1 


—1 










X.26 


2 


_2 


-2 






3 1 


-1 






-3 


1 


-1 


3 


























X.27 


— 1 


— 1 


3 


-1 


— 1 










-1 


-1 


1 


1 


i 


i 


-i 


-i 


— i 


-i 






i 


i 






X.28 


— 1 


3 


— 1 


— 1 


-1 










1 


-1 


1 


-1 


1 


1 


-1 


-1 


1 


1 






1 


1 






X.29 


1 


1 


— 3 


— 1 


— 1 


-3 -1 


1 






-1 


1 


-1 


1 


















1 


1 






X.30 


—4 










1 -1 


1 






1 


-1 


-1 


1 














-1 


—1 










X.31 


-1 


-i 


3 


1 


i 










































X.32 




















-3 


-1 


1 


-i 


2 


2 






















X.33 


-2 


-2 


2 






-i i 


-1 






2 


-2 


-2 


2 














i 


i 










X.34 


-2 


-2 


2 






-1 1 


-1 






-1 


1 


1 


-1 














B 


B 










X.35 


-2 


-2 


2 






-1 1 


-1 






-1 


1 


1 


-1 














B 


B 










X.36 


1 


-3 


1 


— 1 


-1 


















A 


A 


-A 


-A 


-A 


-A 






1 


1 






X.37 


1 


—3 


1 


-1 


-1 


















A 


A 


-A 


-A 


-A 


-A 






1 


1 






X 38 
















-1 


-1 


-2 


2 


























i 


i 


X 39 
















-1 


-1 


2 


-2 






















E 


E 


1 


1 


X.40 
















-1 


-1 


2 


-2 






















E 


E 


1 


1 


X.41 








2 


-2 


3 -i 


-i 






































X.42 












2 -2 


2 






1 


3 


1 


-1 














1 


1 










X.43 


2 


-2 


2 














-1 


1 


1 


-1 


























X.44 












3 -1 


-1 


D 


D 






























-D 


-D 


X.4B 












3 -1 


-1 


D 


D 






























-D 


-D 


X.46 


-2 


2 


2 






















-1 


-1 


1 


1 


1 


1 














X.47 


-2 


2 


-2 






















-F 


-F 






















X.48 


-2 


2 


-2 






















-F 


-F 






















X.49 


1 


1 


-3 


1 


1 










-1 


-1 


1 


1 


















-1 


-1 






X.50 












-1 1 


-1 






2 


2 


















1 


1 










X r,i 




















1 


1 


-1 


-1 


1 


1 


-1 


-1 


-1 


-1 














x.52 












1 -1 


1 














~2 


-2 










-1 


-1 










X.53 


4 


















-1 


-3 


-1 


1 


























X.54 












-3 1 


1 






2 


-2 






























X.55 








2 


-2 






i 


i 






























-1 


-1 


X.56 








-2 


2 










-2 


2 































62 



HYUN KYU KIM 



Character table of E {¥123) (continued) 



2 






2 


2 


1 1 


3 










1 1 


5 










1 1 


7 






i 


i 




11 












23 


1 


1 










23a 


236 28a 


286 30a 306 


■If 


23a 


236 14a 


146 15a 156 


3P 


23a 


236 286 28a 


10a 10a 


5P 


236 23a 


286 28a 


6a 6a 


7P 


236 23a 


4a 


4a 


306 30a 


IIP 


236 23a 28o 286 


306 30o 




la 


la 28a 286 30a 306 


— 1 


1 


1 


1 


1 


1 1 


X.2 


-1 


-1 


-1 


-1 


-1 -1 


X.3 


-1 


_ 1 










_ 1 














■ 






■ 


A .0 












X.7 




1 






B B 


X.8 


1 


1 






B B 


X.9 






— 1 


— 1 


1 1 


X.IO 






~^ 


~^ 




X.ll 










— i — i 


X.12 


c 


Q 








X.13 


c 








■ 


X.14 


— 1 










X.15 








-i 


-'^ ^ 


x.u; 




1 


A 


A 




x.n 


1 


1 


A 


A 




X.18 






-1 


-1 




X.19 












X.20 






i 


1 




X.21 






1 


1 


— 1 —1 


X.22 






-A 


-A 




X.23 






-A 


-A 




X.2A 












X.25 












X.26 












X.27 






i 


i 




X.2a 






-1 


-1 




X.29 












X.30 












X.31 












X.32 












X.33 










-i -i 


X.34 










-B -B 


X.3B 










-B -B 


X.36 






A 


A 




X 37 






A 


A 




X 38 
























X 40 












X 41 












X 42 












x!43 












X.44 












X.4B 












X.46 












X.47 












X.48 












X.49 












X.50 












X.Bl 












X.52 












X.B3 












X.54 












X.55 












X.56 













A = C(7)| + C(7)? + C(7)7,i? = -2C(15)3C(15)i-2C(15)3C(15)i-C(15)3-C(15)i 
C(15)i - 1, C = C(23)i + C(23)i + Cm)\l + C(23)i + C(23)i3 + C(23)i3 + ((23)^3 
C(23)|3 + C(23)i3 + C(23)l3 + C(23)23, = C(ll)?i + C(ll)fi + C(ll)li + C(ll)?i 
C(ll)ii, £; = -2C(8)i - 2C(8)8, F = 2C(7)^ + 2C(7)? + 2C(7)r. 
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B.2. Character table of D {¥123) = D = {xi,yi) = {xo,yo) 



2 


18 


18 


17 


17 


18 


18 


16 


14 


14 


13 


7 


11 


11 


12 


12 


10 


10 


10 


9 


9 


8 


8 


3 


2 


2 


2 


2 


1 


1 


2 


1 


1 




2 


1 


1 






1 


1 












6 


1 


1 


1 


1 


1 


1 


































7 


1 


1 


1 


1 






































11 


1 


1 












































la 


•2a 


2b 


•2c 


•2d 


•2e 


'2f 


•2g 


•2k 


2i 


3a 


4a 


46 


4c 


4d 


4e 


if 


4g 4h 


4; 


4.7 


4k 


'2P 


la 


la 


la 


la 


la 


la 


la 


-tt 


la 


lo 


3a 


•2e 


•2e 


•2d 


•2d 


•2f 


'2f 


2e 


2a 


■2a 


2h 


2i 


3P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


'2g 


2h 


2i 


la 


4a 


46 


4c 


4d 


4e 


4/ 


4g 4h 


4i 


4j 


4k 


6P 


la 


2a 


26 


2c 


2d 


2e 


2/ 


2g 


2h 


2i 


3a 


4a 


46 


4c 


4d 


4e 


4/ 


4g 4h 


4i 


4j 


4k 


7P 
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— 2 




-3 


_3 


3 


3 


3 


3 3 —3 


-3 


1 


1 






2 


—2 


—2 


2 


-2 2 














X.39 


2 


2 




6 


Q 


g 






. — 2 


—2 


—2 


—2 






2 


_2 


2 




—2 














X.40 


— 2 


— 2 




6 


g 


g 




■ 


. — 2 


— 2 


2 


2 






2 


_2 


2 




2 




■ 


■ 


■ 


■ 


■ 


X.41 






-i 


—9 


g 


_7 


3 


—3 


5—5—1 


1 


-1 


1 


















1 


1 


— 1 


— 1 


1 — 1 


X.42 






-1 


6 


_5 


2 








— 2 


2 


— 2 




























X.43 






— 1 


6 


_5 


2 






4 ~4 2 


— 2 


2 


— 2 


















|- 


^ |- 


^ |- 






X.44 






— 1 


— 9 


9 


_ 7 


_3 


3 


— 5 5—1 


1 


— 1 


1 


















_ \ 


_ \ 


_ \ 






X.45 


4 






3 


— 3 


-3 


-3 


3 


3-3 3 


— 3 


-1 


1 


1 


1 








-2 


. 2 














X.46 








—6 


-6 


-6 






. 2 


2 


— 2 


— 2 


1 


1 
























X.47 


4 






3 


-3 


-3 


3 


-3 


-3 3 3 


-3 


-1 


1 


1 


1 








2 


. -2 














X.48 








—6 


6 


6 






2 


—2 


2 


—2 




























X.49 








—6 


6 


6 






2 


—2 


2 


—2 




























X.50 


i 


i 


























-3 


5 


1 


— 1 


1 — 1 


1 


1 










X.51 


1 


1 


























1 


-3 


1 


— 1 


1 — 1 


-1 


-1 










X.52 


4 




1 


— 3 


3 


:i 


-3 




3 -3 -3 


3 


1 


— 1 












2 


. —2 




. -1 


-i 


i 


i 


-i i 


X.53 


4 




1 


—3 


3 


3 


3 


-3 


-3 3 -3 


3 


1 


— 1 












-2 


. 2 




1 


1 


1 


-1 


-1 -1 


X.54 








-6 


-6 


-6 






. . 2 


2 


2 


2 




























X.BB 


-4 


4 


-i 


































2 


-2 1 


1 


-1 


1 


-1 1 


X.56 


4 


-4 


-1 


































-2 


2 1 


1 


-1 


1 


-1 1 


X.57 


-4 






3 


-3 


5 


-3 


3 


-1 1 -1 


1 


-1 


1 














2 














X.58 








-4 


-4 


4 


2 


2 


-2 -2 


































X.59 


-4 






3 


-3 


5 


3 


-3 


1 -1 -1 


1 


-1 


1 












2 


. -2 














X.60 








-4 


-4 


4 


2 


2 


-2 -2 


































X.61 








-4 


-4 


4 


2 


2 


-2 -2 


































X.62 








6 


-6 


-6 






. . -2 


2 


-2 


2 




























X.63 








6 


-6 


-6 






. . -2 


2 


2 


-2 




























X.64 


2 


2 


























-2 


-2 


2 




-2 














X.65 


-2 


-2 


























-2 


2 


-2 




2 














X.66 






2 


-6 


6 


6 






. 2 


-2 


-2 


2 






















-2 




2 


X.67 






-1 




































C 


-c 


1 


c 


-1 -C 


X.68 






-1 




































-C 


c 


1 


-c 


-1 C 


X.69 






1 


8 


8 


-8 


-4 


-4 


4 4 
























-1 


-1 


1 


-1 


1 -1 
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Character table of D {¥123) (continued) 



2 


3 


1 


1 


5 


5 


4 


4 


2 


2 


2 


2 


2 


2 


6 


5 1 


1 


3 








1 


1 


1 


1 




















5 


i 
































7 
















i 


i 


i 




i 


i 








11 




i 


i 
























'. i 


i 




105 11a 


life I2a 


12b 12c 12d 14a 


146 14c 


14d 14e 


14/ 16a 166 22a 




2P 


5a 116 11a 


tia 


t>a 


b/i 




Va 


V6 


7 a 


V6 


Va 


76 


Xa 


»a 11a 


116 


3P 


10a 11a 


lib 


4/ 


4e 


4a 


46 14 f 14c 14d 14c 


146 


14a 16a 


166 22a 


226 


5P 


2a 11a 


lib 12a 12b 12c 12d 14 f 14e 14d 14c 


146 14a 


166 


16a 22a 


226 


7P 


lOo 115 11a 


12a 


126 12c 12d 


26 


2a 


2c 


2c 


2a 


26 


166 


16a 226 22a 


IIP 


IO9 


la 


la 


12a 


126 12c 12d 14a 


146 


14c 14d 


14e 


14/ 16a 


166 2a 


2a 


X.L 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 1 


1 


X.2 


1 


-1 


-1 


-1 


-1 


-1 


-1 














-1 


-1 -1 


-1 


X.3 




1 


1 












A 


A 


A 


A 


A 


-1 


-1 1 


1 


XA 




1 


1 










A 


A 


A 


A 


A 


A 


— 1 


-1 1 


1 


X.i 








i 


i 


1 


i 


— 1 


-1 


— 1 


— 1 


-1 


— 1 


1 


1 




X.6 


2 






1 


1 


— 1 


— 1 














— 1 


-1 




X.7 


-1 














1 


1 


1 


i 


i 


i 


— 1 


-1 




X.8 


-1 






i 


i 


i 


i 




















X.9 


-1 






-1 


1 


-1 


1 


-1 


-1 


1 


1 


-1 


-1 








X.IO 


-1 






-1 


1 


1 


-1 


1 


-1 


-1 


-1 


-1 


1 








X.ll 


■ 


1 


1 


-1 


—1 


— 1 


—1 
















1 


1 


X.12 




■ 




1 


1 


1 


1 














— 1 




■ 


X.13 








1 


1 


1 


1 
















B 


B 


X.li 




B 


B 


1 


1 


1 


1 
















B 


B 


X.15 








—2 


-2 






— 1 




— 1 


— 1 




—1 








X.16 








2 


2 


-2 


-2 














i 


1 




X.17 








—2 


-2 


-2 


-2 














1 


1 




X.18 








— 1 


-1 


1 


1 














1 


1 




X.19 


1 
































X.20 


1 
































X.21 


1 






— 1 


-i 


i 


i 




















X.22 


1 






— 1 


-1 


1 


1 




















^ 0^ 


—2 






2 


-2 




















■ —1 


— 1 


\' ok 


—2 


























— 1 


~1 




x.20 








1 


1 


— 1 


— 1 




















X.26 
















— A 


A 


-A 


-A 


A 


— A 








X.27 
















-A 


A 


-A 


-A 


A 


-A 








X.28 


— 1 






1 


-1 


1 


-1 


1 


1 


-1 


-1 


1 


1 








X.29 


— 1 






1 


-1 


-1 


1 


-1 


1 


1 


1 


1 


-1 








X.30 








— 1 


-1 


1 


1 














i 


1 




X.31 








— 1 


-1 


1 


1 














-1 


— 1 




X.32 








-1 


1 


1 


-1 


A 


-A 


-A 


-A 


-A 


A 








X.33 








-1 


1 


— 1 


1 


— A 


-A 


A 


A 


-A 


— A 








X.34 








-1 


]^ 


2 


I 


A 


-A 


_ A 


_ A 


-A 


A 








X.35 








_ I 








_ 


_A 


A 


A 


_ A 


_ A 








X.36 
















1 


_1 


1 


1 


_1 


1 








X.37 








2 


2 
























X.38 








1 


1 


— 1 


— 1 




















X.39 








2 


2 
























X.iO 








-2 


— 2 
























X.il 


i 






1 


— 1 


1 


— 1 




















XA2 


1 






-2 


2 


2 


— 2 




















XA3 


1 






-2 


2 


— 2 


2 




















XAA 


1 






1 


— 1 


— 1 


1 




















XA5 








1 


-1 


-1 


1 


i 


-i 


-i 


-i 


-i 


i 








XA6 








2 


2 






-1 


1 


-1 


-1 


1 


-1 








XA7 








1 


-1 


i 


-i 


-1 


-1 


1 


1 


-1 


-1 








XAS 




B 


B 


2 


-2 




















. -B 


-B 


XA9 




B 


B 


2 


-2 




















. -B 


-B 


X.50 




























-i 


-1 




X.51 




























1 


1 




X.52 


-i 






-i 


i 


-i 


i 




















X.53 


-1 






-1 


1 


1 


-1 




















X.Si 








-2 


-2 
























X.55 


-i 
































X.56 


-1 
































X.57 








i 


-i 


i 






















X.58 


































X.59 








i 


-i 
























X.60 




























D 


D 




X.61 




























D 


D 




X.62 




-1 


-1 


-2 


2 




















1 


1 


X.63 




-1 


-1 


2 


-2 




















1 


1 


X.64 


































X.65 


































X.66 


~2 






-2 


2 
























X.67 


1 


i 


i 
























'. -i 


-i 


X.68 


1 


1 


1 
























. -1 


-1 


X.69 


1 

































A = -C(7)| - C(7)? - C(7)7 - 1,S = -C(ll)?i - C(ll)fi - C(ll)fi - C(ll)?: 
C(ll)ii -l,C = 2C(5)i + 2C(5)2 + !,£) = -2C(8)i - 2C(8)8. 
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B.3. Character table of iJ(Fi23) = H = (xq, yo, ho) 



2 


18 


18 


17 


17 


18 


18 


16 


9 


8 


7 


4 


12 


11 


11 


12 


10 


10 


10 


3 


9 


9 


6 


6 


4 


4 


3 


7 


9 


7 


7 


3 


2 


2 


1 


2 


2 


1 


5 


2 


2 


1 


1 


1 


1 




1 










1 


1 










7 


1 


1 


1 


1 








1 






















11 


1 


1 


1 


1 






























13 


1 


1 




































la 


'la 


'lb 


Ic 


Id 


2e 


'4 


3a 


36 


3c 


■id 


4a 


46 


4c 


4d 


4e 


4i 


4s 


•2P 


la 


la 


la 


la 


la 


la 


la 


3a 


36 


3c 


■id 


•2d 


■2e 


•2e 


•2d 


'if 


•if 


•2e 


3P 


la 


2o 


26 


2c 


2d 


2e 


2/ 


la 


la 


la 


la 


4a 


46 


4c 


4d 


4e 


4/ 


4s 


5P 


la 


2a 


1h 


2c 


2d 


2e 


2? 


3a 


36 


3c 


3d 


4a 


46 


4c 


4d 


4e 


4? 


4s 


7P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


3a 


36 


3c 


3d 


4a 


46 


4c 


4d 


4e 


4/ 


4s 


IIP 


la 


2a 


2b 


2c 


2d 


2e 


2? 


3a 


36 


3c 


ad 


4a 


46 


4c 


4d 


4e 


4? 


4s 


13P 


la 


2a 


2b 


2c 


2d 


2e 


2/ 


3a 


36 


3c 


3d 


4a 


46 


4c 


4d 


4e 


4/ 


4s 


XA 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.I 


78 


78 


-34 


-34 


14 


14 


-2 


15 


-3 


6 


— 3 


6 


— 6 


-6 


— 2 


2 


2 


2 


x.z 


352 


-352 






— 32 


32 




-8 


28 


10 


1 










-8 


8 




XA 


429 


429 


77 


77 


45 


45 


13 


6 


24 


15 


— 3 


13 


rj 


5 


— 3 


5 


5 


5 


X.h 


1001 


1(3(31 


-231 


-231 


41 


41 


-7 


56 


29 


2 


2 


1 


— 11 


— 11 


9 


5 


6 


—3 


X.% 


1430 


143(3 


-154 


-154 


86 


86 


6 


-1 


-28 


26 


— 1 


14 


— 6 


-6 


6 


10 


10 


2 


X.I 


2080 


— 2(38(3 


— 384 


384 


-96 


96 




64 


-26 


19 


1 




16 


-16 




—8 


8 




x.% 


2080 


— 2(38(3 


384 


— 384 


— 96 


96 




64 


— 26 


19 


1 




— 16 


16 




— 8 


8 




X.9 


3003 


3(3(33 


539 


539 


59 


59 


-37 


1(35 


6 


15 


6 


11 


11 


11 




3 


3 


-5 


X.IO 


3080 


308(3 


616 


616 


136 


136 


40 


119 


2 


20 


2 


24 


24 


24 


8 






8 


X.ll 


5824 


—5824 


896 


— 896 


—64 


64 




154 


—8 


-8 


—8 




— 16 


16 










X.12 


5824 


—6824 


—896 


896 


—64 


64 




164 


—8 


—8 


—8 




16 


— 16 










X.13 


5824 


-6824 


-896 


896 


-64 


64 




164 


-8 


-8 


-8 




16 


-16 










X.14 


5824 


-6824 


896 


-896 


—64 


64 




164 


-8 


-8 


-8 




-16 


16 










X.IB 


10726 


10726 


-715 


-715 


165 


165 


-43 


16 


114 


24 


6 


29 


-16 


-15 


-li 


9 


9 


-7 


X.16 


13660 


13660 


1330 


1330 


210 


210 


114 


106 


123 


33 


16 


— 14 


10 


10 


2 


10 


10 


10 


X.17 


13728 


— 13728 


— 1408 


1408 


—224 


224 




120 


120 


39 


12 




16 


— 16 




—8 


8 




X.18 


13728 


— 13728 


1408 


-1408 


-224 


224 




120 


120 


39 


12 




— 16 


16 




—8 


8 




X.19 


27456 


— 27456 






-448 


448 




— 120 


— 84 


60 


—3 










— 16 


16 




X.20 


30030 


3(3(330 


1694 


1694 


526 


526 


62 


-21 


-102 


60 


6 


38 


26 


26 


-2 


18 


18 


2 


X.21 


32032 


32032 


-2464 


-2464 


544 


544 


-32 


91 


—44 


64 


10 


64 


— 24 


-24 








8 


X.22 


43680 


43680 


-4256 


-4256 


416 


416 


-32 


399 


-60 


48 


-6 




-24 


-24 








8 


X.23 


45045 


45045 


4389 


4389 


309 


309 


133 


441 


90 


-18 


9 


29 


41 


41 


5 


i 


i 


1 


X.24 


48048 


-48048 


4928 


-4928 


-272 


272 




546 


96 


-3 


15 




-40 


40 




-4 


4 




X.25 


48048 


—48(348 


—4928 


4928 


-272 


272 




546 


96 


-3 


15 




40 


-40 




-4 


4 




X.26 


48048 


48(348 


-1232 


-1232 


432 


432 


48 


— 84 


258 


6 


— 12 


-16 






— 16 


16 


16 




X.27 


50(J5(J 


5(3(35(3 


770 


770 


130 


130 


— 126 


— 35 


235 


19 


— 8 


-14 


1(3 


10 


18 


18 


18 


-6 


X.28 


50050 


5(3(35(3 


— 539(3 


— 5390 


450 


450 


— 46 


595 


73 


10 


19 


10 


— 5(3 


-50 


— 14 


-2 


— 2 


6 


X.29 


75075 


75(375 


1155 


1155 


835 


835 


131 


— 21(3 


150 


51 


— 12 


83 


— 5 




19 


3 


3 


11 


X.30 


75075 


75075 


7315 


7315 


515 


515 


51 


735 


— 93 


-3 


— 12 


— 5 


55 


55 


— 13 


7 


7 


-1 


X.31 


75076 


76076 


-6005 


-5005 


-125 


-125 


83 


420 


-12 


42 


16 


-5 


16 


15 


3 


-1 


-1 


-9 


X.32 


81081 


81081 


3465 


3465 


633 


633 


—87 




162 


81 




33 


6 


5 


— 7 


—3 


—3 


—3 


X.33 


105600 


— 105600 






640 


— 640 




120 


— 24 


48 


— 24 
















X.34 


105600 


— 105600 






640 


— 640 




120 


— 24 


48 


— 24 
















X.35 


114400 


114400 


-8800 


—8800 


480 


480 


32 


685 


28 


-8 


— 26 


64 


—40 


—40 








-8 


X.36 


12320(3 


—123200 






-960 


960 




— 280 


404 


62 


— 28 










— 16 


16 




X.37 


133056 


— 133056 






192 


— 192 






-108 


-54 


54 










— 16 


16 




X.38 


138600 


138600 


-9240 


-9240 


360 


360 


-24 


630 


-153 


-45 


9 


8 


-40 


-40 


8 


8 


8 


-8 


X.39 


138600 


138600 


—9240 


— 9240 


360 


360 


-24 


630 


-153 


-45 


9 


8 


—40 


-40 


8 


8 


8 


—8 


X.40 


146432 


-146432 


11264 


-11264 


-1024 


1024 




776 


-16 


56 


-16 




-64 


64 










X.41 


146432 


-146432 


-11264 


11264 


-1024 


1024 




776 


-16 


56 


-16 




64 


-64 










X.42 


150150 


150150 


847(3 


8470 


70 


70 


54 


525 


57 


48 


— 24 


-34 


— 30 


-30 


22 


—6 


—6 


10 


X.43 


2(35920 


205920 


1(356 


1056 


864 


864 


16(3 


— 279 


-144 


72 


18 


64 


24 


24 








-8 


X.44 


2288(3(3 


—228800 






-320 


320 




— 16(3 


380 


— 52 


29 










-1(5 


16 




X.45 


235872 


-235872 


-8(364 


8064 


-1056 


1056 






-324 


81 






16 


-lei 




-24 


24 




X.46 


235872 


— 235872 


8064 


— 8064 


— 1056 


1056 






-324 


81 






— 16 


16 




-24 


24 




X.47 


289676 


289575 


12376 


12375 


615 


615 


183 


405 


162 


-81 




15 


36 


35 


23 


3 


3 


-5 


X.48 


300300 


300300 


—7700 


—7700 


1420 


1420 


—84 


—210 


—291 


114 


—21 


—4 


-20 


—20 


—20 


20 


20 


—4 


X.49 


320320 


320320 


14784 


14784 


1344 


1344 


192 


406 


-116 


64 


-8 




16 


16 








16 


X.50 


320320 


—320320 


9866 


—9856 


576 


— 576 




406 


— 116 


64 


—8 




16 


— 16 










X.51 
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2 




— 1 


-2 


-1 


I 






— 1 


1 




. —1 — 1 


1 


— 1 




—4 


2 














X.9 




3 


3 




-1 


-I 


i 


— 2 
















3 




— 1 


—1 


— 1 


— 1 


2 


2 — i 


X.IO 














-1 


2 






— 1 






— 1 




5 


— 1 


1 


1 


1 


1 


1 


1 1 


X.U 










2 


-2 
















— 1 




— 1 


— 1 


1 


—1 


1 


— 1 


1 


— 1 1 


X.12 










-2 


2 
















— 1 




— 1 


— 1 


— 1 


1 


— 1 


1 


— 1 


1 1 


X.13 










-2 


2 
















— 1 




-1 


— 1 


— 1 


1 


— 1 


1 


— 1 


1 1 


X.U 










2 


-2 
















— 1 




— 1 


— 1 


1 


—1 


1 


— 1 


1 


—1 1 


X.W 














-i 


—2 








i —i 


— i 








3 


2 


2 


2 


2 


— 1 


—1 


X.16 


i 


i 


i 


i 


i 


i 


1 


— 1 


i 


i 














3 


—2 


—2 


—2 


—2 


1 


1 


x.n 


2 


1 


— 1 


-2 


1 


-1 






2 


—2 




. —1 — 1 


1 






—3 


—3 


1 


— 1 


1 


— 1 


1 


— 1 —1 


X.IS 


2 


1 


— 1 


-2 


-1 


1 






2 


—2 




. —1 1 


— 1 






— 3 


— 3 


-1 


1 


— 1 


1 


— 1 


1 —1 


X.19 


— 2 


—4 


4 


2 










1 


— 1 




. —2 








5 














. —2 


X.20 










2 


2 


-i 


—2 












— i ! 




— 3 


— 3 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 1 


X.21 














-1 














1 




1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 1 


X.22 














-1 














— 1 




3 


3 


1 


1 


1 


1 


1 


1 —1 


X.23 


-2 


-2 


— 2 


-2 


2 


2 


1 


2 


i 


i 








1 -1 


_ j 


















X.24 


— 2 


— 1 


1 


2 


-1 


1 






1 


— 1 








1 




—3 




1 


— 1 


1 


— 1 


— 2 


2 —1 


X.25 


— 2 


-1 


1 


2 


1 


~1 






1 


— 1 








1 




— 3 




— 1 


1 


— 1 


1 


2 


— 2 —1 


X.26 


— 2 


— 2 


— 2 


-2 








2 


-2 


—2 








1 






3 


— 2 


— 2 


— 2 


— 2 


1 


1 


X.21 


3 


3 


3 


3 


i 


i 


-3 


3 
















1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 1 


X.2S 


1 


— 2 


— 2 


1 


-2 


-2 


3 


1 


1 


1 












4 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


X.29 




3 


3 




1 


1 


2 


-2 












1 


1 


-fj 














. —2 


X.30 


i 


1 


1 


1 


1 


1 


-1 


-1 


-2 


-2 








1 


1 


3 




1 


1 


1 


i 


-2 


-2 -1 


X.31 


2 


2 


2 


2 










-1 


-1 








. -1 


-1 


-3 


-3 


-1 


-1 


-1 


-1 


-1 


-1 1 


X.32 




-3 


-3 




— 1 


— 1 




2 












1 


1 


















X 33 






















1 


1 2 








3 




B 


B 


S 


B 




. -1 


X.34 






















1 


1 2 








3 




B 


B 


B 


B 




. —1 


X.35 










2 


2 


i 










— 1 — 1 








4 


—2 


2 


2 


2 


2 


2 


2 


X.36 


—2 


2 


—2 


2 










— 2 


2 


-1 


— 1 








4 


—2 














X.37 


—2 


2 


—2 


2 










— 2 


2 


1 


1 
























X.38 


— 1 


— 1 


— 1 


-1 


-i 


-i 


-2 


— 1 


— 1 


— 1 


c 


D 
























X.39 


— 1 


— 1 


— 1 


-1 


-1 


-1 


-2 


— 1 


— 1 


— 1 


D 


C 
























X.40 










2 


-2 












1 1 


— i 


i 




—6 


i 


i 


— i 


i 


— i 


i 


— i i 


X.41 










-2 


2 












1 — 1 


1 


1 




—6 


1 


—1 


1 


— 1 


1 


— 1 


1 1 


X.42 








-3 






i 


i 
















—3 




1 


1 


1 


1 


—2 


—2 1 


X.43 














1 










. i —i 


— i 


i ! 




















X.44 


-2 


-4 


4 














_{ 




2 








-2 


-2 












'. 2 


X.45 




3 


-3 




1 


-1 




































X.46 




3 


-3 




-1 


1 




































X.47 




3 


3 




-1 


-1 


i 


2 








'. -i -i 


—1 






















X.48 


— 1 


2 


2 


— 1 


— 2 


— 2 


2 


1 


— 1 


— 1 












-3 


-3 


i 


i 


i 


i 


i 


i i 


X.49 










— 2 


— 2 


— 2 














i '. 




4 


-2 














X.50 










— 2 


2 
















1 




-4 


2 


2 


-2 


2 


-2 


2 


~2 '. 


X.51 










2 


— 2 
















1 




-4 


2 


-2 


2 


-2 


2 


-2 


2 


X.52 














i 










i -2 '. 




-1 -1 


— 1 


















X.53 










2 


2 


1 










. -1 1 
























X.54 


2 


i 


-i 


—2 


1 


— 1 






-i 


i 












i 


i 


i 


-i 


i 


-i 


i 


-i -i 


X.SB 


7 


-2 


-2 


7 








i 


1 


1 












-1 


-1 


1 


1 


1 


1 


1 


1 -1 


X.56 


2 


1 


-1 


—2 


— 1 








-1 


1 












1 


1 


-1 


1 


-1 


1 


-1 


1 -1 


X.57 


-6 


-2 


-2 


—6 








i 


1 


1 












-1 


-1 


1 


1 


1 


1 


1 


1 -1 


X.58 
















2 












. E 


E 


-4 


2 














X.59 
















2 












. E 


E 


—4 


2 














X.60 


4 


2 


-2 


-4 










i 


-i 












3 




-1 


1 


-1 


1 


2 


-2 1 


X.61 


-2 


2 


-2 


2 










1 


-1 












3 




1 


-1 


1 


-1 


-2 


2 1 


X.62 


1 


-2 


-2 


1 






— 1 




1 


1 




























X.63 


-2 


1 


1 


-2 


1 


1 


-3 




1 


1 




























X.64 


-2 


-1 


1 


2 


-1 


1 






1 


-1 








-i '. 




3 


3 


1 


-1 


1 


-1 


1 


-1 1 


X.65 


4 


-1 


1 


-4 


1 


-1 






1 


-1 








-1 




3 


3 


-1 


1 


-1 


1 


-1 


1 1 


X.66 










2 


2 


2 














1 




















X.67 














1 










-ill 




-1 




















X.6S 




-3 


-3 




-1 


~1 


-1 










. -2 
























X.69 
































i 


i 


i 


i 


i 


i 


i 


i i 


X.70 
































1 


1 


1 


1 


1 


1 


1 


1 1 


X.71 










-2 


-2 


i 


















3 


3 


-1 


-1 


-1 


-1 


-1 


-1 -1 


X.72 


1 


1 


1 


1 


-1 


-1 


-2 


1 


1 


1 












-3 




B 


B 


B 


B 




. -1 


X.73 


1 


1 


1 


1 


-1 


-1 


-2 


1 


1 


1 












-3 




B 


B 


B 


B 




. -1 


X.74 


1 


-2 


-2 


1 








-1 


-2 


-2 




























X.75 


-4 


-2 


2 


4 










-1 


1 




! -i -i 


i 








-3 


-2 


2 


-2 


2 


1 


-1 


X.76 


2 


-2 


2 


-2 










-1 


1 




. -1 1 


-1 








-3 


2 


-2 


2 


-2 


-1 


1 


X.77 










2 


2 


-2 


-2 
































X.78 










-2 


-2 


-1 


















— 5 


i 


i 


i 


1 


i 


1 


i -i 


X.79 














1 










'. i -i 


-i 






















X.80 
























1 -1 


1 






i 


1 


i 


-i 


1 


-1 


1 


~i -i 


X.81 
























1 1 


-1 






1 


1 


-1 


1 


-1 


1 


-1 


1 -1 


X.S2 














-i 










. -1 1 


1 


i -i 




















X.83 


3 






3 








i 
































X.84 


-1 


2 


2 


-1 








1 


-i 


-i 




























X.85 


-1 


2 


2 


-1 








1 


-1 


-1 




























X.86 


2 


-2 


2 


-2 










-1 


1 




'. 2 '. 
























X.87 




3 


-3 




-i 


i 






















-3 


2 


-2 


2 


-2 


-i 


i ! 
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2 


3 


1 


3 


3 


1 


2 2 2 2 2 2 4 


4 1 


1 2 


2 


2 1 


3 


2 


3 






1 


1 


1 


1 


1 


1 1 


5 






i 


i 








1 


1 


1 


7 










1 










1 


11 












111111 










13 














1 


1 








18j 18fc 20a 


206 21a 


22a 226 22c 22d 22e 22/ 24a 


246 2tia 


266 30a 


306 30c 42a 


IP 


ya 


Uc 


lOd lOd 21a 


11a 11a 116 116 116 11a 12a 


lib 13a 


136 ISa 


i5a 


Iba 21a 


ZP 


63 


6k 


20a 


206 


7a 22a 226 22c 22d 22e 22f 8a 


86 26a 


266 106 


10c 10a 14a 


5P 


I87 18fc 


46 


4c 21a 


22a 226 22c 22d 22e 22 f 24a 246 266 26a 6, 


64 


61 42a 


7P 


18j 18fc 20a 


206 


3a 22c 22c 22a 22/ 226 22d 24a 246 266 26a 30a 


306 


30c 61 


IIP 


I87 18fc 20a 206 21a 


2a 2c 2a 26 2c 26 24a 246 266 26a 30a 306 30c 42a 


13P 


ISj 18fe 20a 206 21a 22c 22e 22a 22/ 226 22d 24a 246 2a 


2a 30a 306 30c 42a 


XA 


1 


1 


1 


1 


1 


1111111 


1 1 


1 1 


1 


1 1 


X.2 


-1 




-1 


-1 


1 


1-1 1-1 -1 -1 -1 


1 


. -2 


-2 


1 


X.3 


-2 


-i 






-1 




-1 


-1 




-2 1 


XA 










-1 


-2 


-2 


. -1 


-i 


1 -1 


X.5 


2 


-i 


-i 


-i 






-2 


. -1 


-1 


1 


X.6 


-1 


2 


-1 


-1 


-1 


1 


-1 


1 


1 


-1 -1 


X.7 




— 1 


1 


-1 


1 


-1 -1-1 1-1 1 




1 


-1 


1 -1 


X.S 




— 1 


— 1 


1 


1 


-1 1-1-1 1-1 




. -1 


1 


1 -1 


X.9 


-1 




1 


1 




-1 


-i '. 


2 


2 




X.IO 


1 


-i 


-1 


-1 




1 


1 -1 


-1 1 


1 


-i '. 


X.ll 


_ 1 


_i 


_i 


1 




— A —A —A A —A A 




1 


_1 


1 


X.12 


~^ 


~^ 




~^ 




A A A A A A 




■ ~^ 






X.13 


— 1 


— 1 


1 


— 1 




X A n A n A 

— A A — A — A A — A 




. — 1 


1 


1 


X 14 


— 1 


— 1 


— 1 


1 




—A —A —A A —A A 




1 


— 1 


1 














1 


3 








X 16 












— 1 —1 —1 —1 —1 —1 1 


1 








X 17 


1 




1 


-1 


1 










. — i 


X 18 


1 




— 1 


1 


1 










. —1 


^ on 


2 








— 1 










1 




1 




1 


1 




-1 


1 


. -1 


-1 


-1 


vol 


1 


-2 


1 


1 




1 


-1 


1 


1 


1 


X 22 


-1 




1 


1 




-1 1-1 1 1 1-1 


1 


. -1 


-1 


-1 


X 23 






1 


1 




1 


— 1 


. — 1 


-1 


1 


X 24 


i 














1 


-1 


— 1 


X 25 


1 














. -1 


1 


— 1 


X .2Q 
















1 


1 


1 


^ 9S 


i 


1 








-1 


-1 












1 








— 1 


1 








X 29 


—2 




















X 30 


—1 










i 


— i 








X 31 


1 










2 










X 32 












2 










^ 33 


i 








i 




. -i 


-i 




. -i 


34 


1 








1 




. -1 


— 1 




. —1 


35 




i 






— 1 




— 1 






. —1 






1 










1 


1 






37 














. -1 


— 1 






X 38 














. D 


c 




















. C 


D 






40 


-1 


1 


1 


-1 


-1 






. -1 


1 


-1 1 


41 


-1 


1 


— 1 


1 


— 1 






1 


-1 


— 1 1 


X 42 


1 




■ 




■ 


— 1 


1 






■ 


43 


■ 


■ 


— 1 


— 1 


1 


. — 1 


1 


1 


1 


1 1 


X 44 






■ 


■ 








■ 


■ 




X 45 












1 




















■ 


111 ~i 1 ~i 
1—1 1 1—1 1 . 


■ 






■ 


X 47 












~ 










X 48 






















X.49 






















50 




^ 

















^ 


X 51 










■ 











~}r ■ 


52 

























■ 


■ 






r 


~ 








~ 1 
■ ~ 


54 






















X.55 






















X.'sfi 






















X.57 


_ 1 


_ 1 


















X.5S 




— I 


















X.59 




-1 


















X.fiO 


-1 










-i -i -i i ~i i '. 










X.dl 


-1 










-1 1-1-1 1-1 










X.62 












— 1 


1 








X.63 












-1 


-1 








X.64, 


-i 




-i 


i 








'. -i 


i 


i '. 


X.6S 


-1 




1 


-1 








1 


-1 


1 


X.66 






-1 


-1 








. -1 


-1 


1 


X.67 






1 


1 


i 


...... -i 


-i -i 


-1 1 


1 


-1 1 


x.ea 










1 


-1 


-1 






1 


X.69 


1 


1 








A A A A A A 










X .70 


1 


1 








A A A A A A 










X.71 


-1 










1 


i '. 








X.T2 


-1 




















X.73 


-1 




















X.7 4, 






















X.75 










i 










'. -i 


X.76 










1 










. -1 


X.77 




















1 


X.78 


-i 


i 








i 


-i '. 








X.79 










1 


1-1 1-1 -1 -1 1 


-1 






-i i 


X.80 


i 


-2 






-1 










1 


X.81 


1 


-2 






-1 










1 


X.82 










-1 




i '. 






1 -1 


X.83 






















X.84 












A -A A-A-A-A 










X.85 












A -A A-A-A-A 










X.86 










i 










'. -i 


X.S7 
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2 


18 


18 


17 


17 


18 


IS 


16 


9 


8 


7 


4 


12 


11 


11 


12 


10 


10 


10 


3 


9 


9 


6 


6 


4 


4 


3 


7 


9 


7 


7 


3 


2 


2 


1 


2 


2 


1 


B 


2 


2 


1 


1 


1 


1 




1 










1 


1 










7 


1 


1 


1 


1 








1 






















11 


1 


1 


1 


1 






























13 


1 


1 




































la 


2a 


26 


•2c 


'2d 


2e 


2} 


iSa 


'db 


3c 


3d 


4a 


46 


4c 


4d 


4e 


4/ 


4g 


•2P 


lo 


la 


la 


la 


la 


la 


la 


3a 


36 


3c 


3d 


2d 


2e 


2e 


2d 


'if 


■if 


2e 


3P 


la 


2a 


26 


2c 


2d 


2e 


2f 


la 


la 


la 


la 


4,a 


46 


4c 


id 


4e 


if 


ig 


5P 


la 


2a 


26 


2c 


2d 


2e 


2f 


3a 


36 


3c 


3d 


4a 


46 


4c 


id 


4e 


if 


ig 


TP 


la 


2a 


26 


2c 


2d 


2e 


2/ 


3a 


36 


3c 


3d 


4a 


46 


4c 


id 


4e 


if 


ig 


IIP 


la 


2a 


26 


2c 


2d 


2e 


2? 


3a 


36 


3 c 


3d 


4a 


46 


4c 


id 


4e 


if 


ig 


13P 


la 


2 a 


26 


2c 


2d 


2e 


2/ 


3 a 


36 


3 c 


3d 


4a 


46 


4c 


id 


4e 


if 


ig 


XMi 


1201U00 


12ul2uu 


-30800 


-30800 


560 


560 


176 


420 


-30 


-48 


31 


-16 






-16 


16 


16 




X.89 


1201200 


-1201200 


-24640 


24640 


-1680 


1680 




-210 


132 


— 39 


24 




4,6 


-40 




12 


-12 




X.90 


1297296 


-1297296 


44352 


-44352 


— 1200 


1200 




1134 


-324 


— 81 






-40 


40 




— 12 


12 




X.'M 


1297296 


-1297296 


-44352 


44352 


-1200 


1200 




1134 


-324 


-81 






40 


-40 




-12 


12 




X.92 


136(3800 


1360800 


30240 


30240 


1440 


1440 


288 




486 






—96 






—32 








X.93 


1372800 


1372800 


49280 


49280 


640 


640 


128 


156(1 


— 312 


-24 


12 
















X.94 


1441792 


1441792 












— 512 


640 


64 


-8 
















X.95 


1441792 


— 1441792 












— 512 


640 


64 


— 8 
















X.96 


1663200 


-1663200 






2400 


— 2400 






108 


54 


27 










— 8 


8 




X.97 


1663200 


-1663200 






2400 


— 2400 






108 


54 


27 










— 8 


8 




.98 


1791153 


1791153 


-5103 


-5103 


-2511 


-2511 


81 










81 


9 


9 


33 


9 


9 


9 


X.99 


1876446 


1876446 


37422 


37422 


— 1890 


— 1890 


—306 


729 








64 


—30 


—30 


— 18 


18 


18 


10 


X.lOO 


2027026 


2027025 


-24266 


-24255 


-1455 


-1455 


33 




-324 


81 




9 


85 


86 


-15 


-3 


-3 


-3 


X.lOl 


2060048 


2050048 






2048 


2048 




— 1232 


—224 


—80 


—8 
















X.102 


2196480 


-2196480 


11264 


-11264 


1024 


-1024 




-456 


-240 


-24 


-24 




64 


-64 










X.103 


2196480 


-2196480 


-11264 


11264 


1024 


-1024 




-456 


-240 


-24 


-24 




-64 


64 










X.104 


2316600 


2316600 


-43660 


-43560 


-840 


-840 


24 


405 


-162 






-24 


40 


40 








-8 


X.105 


2358720 


-2358720 


8064 


-8064 


-1344 


1344 




-1134 


-324 








-16 


16 










X.106 


2358720 


-2358720 


-8064 


8064 


-1344 


1344 




-1134 


-324 








16 


-16 










X.107 


2402400 


2402400 


12320 


12320 


-160 


-160 


160 


-735 


-384 


48 


-6 


-64 


-40 


-40 








-8 


X.108 


2402400 


-2402400 


49280 


-49280 


1760 


-1760 




840 


-60 


66 


21 




80 


-80 




8 


-8 




X.109 


2402400 


-2402400 


-49280 


49280 


1760 


-1760 




840 


-60 


66 


21 




-80 


80 




8 


-8 




X.llO 


2555904 


2555904 


-32768 


-32768 








-384 


192 


-96 


-24 
















X.lll 


2555904 


-2555904 


32768 


-32768 








-384 


192 


-96 


-24 
















X.112 


2555904 


-2555904 


-32768 


32768 








-384 


192 


-96 


-24 
















X.113 


2555904 


2555904 


32768 


32768 








-384 


192 


-96 


-24 
















X.114 


2729376 


2729376 


7776 


7776 


-864 


-864 


-288 


-729 










-24 


-24 
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Character table of H {¥123) (continued) 



2 


4 


9 


8 


8 


8 


7 


8 


8 


4 


8 


8 


9 


9 


5 




8 


8 


7 


7 


7 


6 


6 


5 


3 


1 


7 


9 


5 




7 


6 


6 


7 


4 


4 


3 


3 




5 


3 


3 


3 


3 


3 


3 


3 


3 


5 
7 
11 
13 


2 


1 
1 




1 


1 








































ba 


Bl 


B2 




64 












■% 


Bll 


612 


6l.!i 


614 


■% 


% 


bi7 






620 621 


622 


2P 


6a 


3a 


36 


3a 


3a 


3c 




36 


33 






3a 


3a 


3c 


3c 






3c 


3c 


3a 


3c 


3c 


3c 


3P 


5a 


2a 


2a 


26 


2c 


2a 


2c 


26 


2a 


2d 


2e 


2d 


2e 


26 


2c 


2/ 


2/ 


2/ 


2/ 


2/ 


2e 


2d 


2/ 


5P 


la 


61 


62 




64 












610 


611 


612 


613 


614 


615 


616 


617 


618 


619 


620 


621 


622 


7P 


5 a 


61 


62 




64 






«^ 






610 


611 


612 


613 


614 


616 


616 


617 


61s 


619 


620 


621 


622 


IIP 


5 a 


fil 


62 




64 


65 


66 


67 


68 


69 


610 


611 


612 


613 


614 


615 


616 


617 


618 


619 


620 


621 


622 


13P 


5 a 


Ol 


62 




64 


6.^ 


6« 


67 


6s 


69 


61 n 


611 


612 


■% 


614 


6Tr. 


61 6 


617 


61s 


619 


620 


621 


622 


X.88 




450 


-30 




-SO 




34 


34 


Si 


2 


2 


-28 


-ss 




-2 






8 




—4 


—4 


-4 


2 


X.89 




210 


-132 


20 


-20 


39 


-92 


92 


-24 


12 


-12 


6 


-6 


11 


-11 


-12 


12 


-9 


9 




9 


-9 


-3 


X.90 


-4 


-1134 


324 


-36 


36 


81 


36 


-36 




-12 


12 


6 


-6 


-9 


9 


-12 


12 


9 


-9 




3 


-3 


-3 


X.91 


-4 


-1134 


324 


36 


-36 


81 


-36 


36 




-12 


12 


6 


-6 


9 


-9 


12 


-12 


9 


-9 




3 


-3 


3 


X.92 






486 








-54 


-54 




-18 


-18 










18 


18 














X.93 




156(1 


-312 


-40 


-4(j 


-24 


32 


32 


12 


-8 


-8 


-8 


-8 


-4 


-4 


-16 


-16 


8 


8 


8 


-8 


-8 


-4 


X.94 


-8 


-512 


64(1 






64 






-8 






























X.95 


-8 


512 


-64(1 






-64 






8 






























X.96 






-108 






-54 






-27 


-12 


12 














-6 


6 




6 


-6 




X.97 






-108 






-54 






-27 


-12 


12 














-6 


6 




6 


-6 




X.98 


3 














































X.99 


-4 


729 




-81 


-81 














9 


9 














-9 








X.lOO 






-324 


-90 


-90 


81 


-36 


-36 




12 


12 






-9 


-9 


12 


12 


9 


9 


6 


-3 


-3 


3 


X.lOl 


-2 


-1232 


-224 






-80 






-8 


32 


32 


-16 


-16 
















8 


8 




X.102 


5 


456 


240 


104 


-104 


24 


-32 


32 


24 


16 


-16 


-8 


8 


-4 


4 












-4 


4 




X.103 


5 


456 


240 


-104 


104 


24 


32 


-32 


24 


16 


-16 


-8 


8 


4 


-4 












-4 


4 




X.104 




405 


-162 


45 


45 




18 


18 




6 


6 


21 


21 


18 


18 


-6 


-6 






-3 






-6 


X.105 


-5 


1134 


324 


-36 


36 




36 


-36 




-12 


12 


-6 


6 


18 


-18 


-12 


12 












6 


X.106 


-5 


1134 


324 


36 


-36 




-36 


36 




-12 


12 


-6 


6 


-18 


18 


12 


-12 












-6 


X.107 




-735 


-384 


35 


35 


48 


8 


8 


-6 


-16 


-16 


17 


17 


8 


8 


-8 


-8 




-8 




-4 


-4 


4 


X.108 




-840 


60 


-40 


40 


-66 


-32 


32 


-21 


-4 


4 


8 


-8 


-4 


4 






6 


-6 




-2 


2 




X.109 




-840 


60 


4(1 


-40 


-66 


32 


-32 


-21 


-4 


4 


8 


-8 


4 


-4 






6 


-6 




-2 


2 




X.llO 


4 


-384 


192 


64 


64 


-96 


64 


64 


-24 










-8 


-8 


















X.lll 


4 


384 


-192 


-64 


64 


96 


64 


-64 


24 










8 


-8 


















X.112 


4 


384 


-192 


64 


-64 


96 


-64 


64 


24 










-8 


8 


















X.113 


4 


-384 


192 


-64 


-64 


-96 


-64 


-64 


-24 










8 


8 


















X.114 


1 


-729 




81 


81 














-9 


-9 














9 
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Character table of H(F\2s) (continued) 



2 


5 


4 


4 2 7 


7 7 6 6 


3 


2 


1 


4 


3 


3 


4 


4 


2 


2 


7 


7 


5 


6 


6 


6 


5 5 5 


3 


3 


3 


3 11 


1 . . . 


4 


4 


3 


1 


1 


1 










2 


2 


3 


2 


2 


2 


2 2 2 


5 
















2 


1 


1 


i 


i 




















7 






. 1 






































11 


























1 


1 
















13 














































623 t>24 625 Va Sa 


86 8c 8d 8e 


9a 


96 


9c lUa 1U6 lUc lUd lUe 11a 116 i2a 


126 i2c 


i2d i2e 


12/ 129 i2fi 121 


•IP 


3c 


3d 


3d 7a 4a 4a 4d 4f 4f 


9a 


96 


9c 


5a 


5a 


5a 


5a 


5a lib 11a bi 1 


bll 




t>12 


t>12 


bll 


bi5 615 bi6 


3P 


2/ 


2/ 


2/ 7a 8a 


86 8c 8d 8e 


36 


36 


3d 10a 106 10c lOd lOe 11a 116 


4a 


4a 


4a 


4c 


46 


4a 


4e 4/ 4/ 


5P 


623 624 625 7a 8a 


86 8c 8d 8e 


9a 


96 


9c 


2a 


26 


2c 


2e 


2d 11a 116 12a 126 12c 12d 12e 12 f 12q 12h 12i 


7P 


623 624 62R la 8a 


86 8c 8d 8e 


9a 


96 


9c 10a 106 lOc lOd lOe 116 11a 12a 126 12c 12d 12c 12 f 12q 12h 12i 


IIP 


623 


624 62R 7a 8a 


86 8c 8d 8e 


9a 


96 


9c 10a 106 10c lOd lOe 


la 


la 12a 126 12c 12d 12e 12f I2g 12h 12i 


13P 


t>23 624 625 7a 8a 


86 8c 8d 8e 


9a 


9b 


9c 10a 106 10c lOd lOe 116 11a 12a 126 12c 12d 12e 12/ 12g 12h 12i 


X.AH 


2 


— 1 


— 1 




3 




















—4 


-4 


2 






-4 


—2 —2 —2 


X.89 


3 






2 —2 




3 


















-6 


6 




2 


-2 






X.9() 


3 






2 —2 








4 


2 


-2 










-6 


6 




-2 


2 






X.91 


-3 






—2 2 








4 


-2 


2 










-6 


6 




2 


-2 






X.92 












































X.93 


-4 


-4 


-4 2 '. 




— 3 


































X.94 






. 2 . 




4 


— 2 


-2 


-8 




























X.95 






. 2 . 




4 


— 2 


-2 


8 




























X.96 




3 


-3 . 




































-2 2 2 


X.97 




3 


-3 




































-2 2 2 


X.98 






. . -3 


-3-3 i i 








3 


-3 


-3 
























X.99 






. -2 -2 


2 2.. 








-4 


2 


2 












-3 




3 


3 


3 




X.lOO 


3 




. . 1 


-3 1-1-1 




























-2 


-2 


6 




X.lOl 










-2 


4 


i 


-2 






-2 


-2 




















X.102 






'. -i '. 




3 


3 




-5 


-i 


i 


1 


-1 












-4 


4 






X.103 






. -1 . 




3 


3 




-5 


1 


-1 


1 


-1 












4 


-4 






X.104 


-6 




. -1 4 


4 . . . 






















-3 


-3 




1 


1 


-3 




X.105 


-6 














5 


-i 


i 


-i 


i 


i 


i 


6 


-6 




-2 


2 






X.106 


6 














5 


1 


-1 


-1 


1 


1 


1 


6 


-6 




2 


-2 






X.107 


4 


-2 


-2 ! 4 


-4 '. '. '. 


3 


3 


















6 


5 




-1 


-1 






X.108 




-3 


3 




-3 


























4 


-4 




2 -2 -2 


X.109 




-3 


3 




-3 


























-4 


4 




2 -2 -2 


X.llO 






. 1 






-3 




4 


2 


2 






-i 


-i 
















X.lll 






. 1 






-3 




-4 


-2 


2 






-1 


-1 
















X.112 






1 






-3 




-4 


2 


-2 






-1 


-1 
















X.113 






1 






-3 




4 


-2 


-2 






-1 


-1 
















X.114 






. -1 -4 


4 '. '. '. 








1 


1 


1 


i 


1 


1 


1 


3 


3 




-3 


-3 


-3 




Character table 


of H {¥123) (continued) 



























2 


5 


5 




4 


4 


5 


5 3 


3 


1 


1 


2 


2 


2 


2 


5 


5 3 


2 


3 


3 


3 


3 


2 


2 3 


3 


2 


2 


2 


2 


2 


1 


1 2 


2 






1 






1 




4 


4 


3 


3 


3 


3 


3 


3 2 


5 
7 






















i 


i 


i 


1 




















11 
















































13 


















1 


1 






























12j 12k 12/ 12rri 12ii 12o 12p 12q 12t- 13a 136 14a 146 14c 15a 16a 166 18a 186 18c 18d 18e 18/ 18g IHh 18i 


2P 


618 


618 


616 




620 


D12 


69 624 


624 


136 13a 


7a 


7a 


7a 15a 


«c 


8c 9a 


96 


9a 


9a 


9a 


9a 


96 


96 9a 


3P 


4e 


4? 


4e 




4c 


4o 


4d 4/ 


4s 


13o 


136 14o 146 14c 


5a 16a 


166 62 


62 


66 


67 


66 


67 


66 


67 610 


5P 


12/ 12fc 


12i 12m 12n 12o 12p 12i3 12r 


136 


13a 14a 146 14c 


3a 166 16a 18a 186 18e 18 f 18c 


18d 18q 18h 18i 


7P 


12j 12fc 


12! 12m I2n 12o 12p I2q 12r 


136 


13a 


2a 


26 


2 c 


15a 


166 16a 18a 186 18c 18d 18e 18 f 18q 18h 18i 


IIP 


12/ 12fi- 


121 12m 12n 12o 12p 12q 12r 


136 13a 14a 146 14c 15a 16a 166 18a 186 18e 18 f 18c 18d I80 18h ISi 


13P 


12j 12fc 


121 12m 12n 12o 12p 12ij 12r 


la 


la 14a 146 14c 15a 166 16a 18a 186 18c 18d 18e 18/ I89 18^1 18i 


X.88 


4 


4 


-2 








2 1 


1 
















. 3 




1 


1 


1 


1 


-2 


-2 -1 


X.89 


3 


-3 




1 


-1 
























-3 


-2 


2 


-2 


2 


1 


-1 


X.90 


-3 


3 




-1 


1 


















-i 




















X.91 


-3 


3 




1 


-1 


















-1 




















X.92 














-2 ! 




-i 


-i 




























X.93 






















2 










'. -3 










-i 


2 


2 i 


X.94 


















i 


i 


2 






-2 




. 4 


-2 














X.95 


















1 


1 


-2 






-2 




. -4 


2 














X.96 


-2 


2 


-2 








'. -i 


i 


-c 


-D 




























X.97 


-2 


2 


-2 








. -1 


1 


-D 


-C 




























X.98 
















































X.99 






















-2 






-i 




















X.lOO 


-3 


-3 




i 


i 






















i '. 
















X.lOl 




























-2 




. -2 


4 












'. 2 


X.102 








-2 


2 












i 


1 


-1 


-1 




. -3 


-3 


i 


-i 


i 


-i 


i 


-1 -1 


X.103 








2 


-2 












1 


-1 


1 


-1 




. -3 


-3 


-1 


1 


-1 


1 


-1 


1 -1 


X.104 








-2 


-2 




-2 '. 








-1 


1 


1 






















X.105 








2 


-2 


















i 




















X.106 








-2 


2 


















1 




















X.107 








2 


2 






















'. 3 


3 


-i 


-i 


-i 


-i 


-i 


-i -i 


X.108 


2 


-2 


2 


2 


-2 




1 


-1 
















3 




1 


-1 


1 


-1 


-2 


2 1 


X.109 


2 


-2 


2 


-2 


2 




1 


-1 
















. 3 




-1 


1 


-1 


1 


2 


-2 1 


X.llO 






















i 


-i 


-i 


i 






-3 


-2 


-2 


-2 


-2 


1 


1 


X.lll 






















-1 


1 


-1 


1 






3 


-2 


2 


-2 


2 


1 


-1 


X.112 






















-1 


-1 


1 


1 






3 


2 


-2 


2 


-2 


-1 


1 


X.113 






















1 


1 


1 


1 






-3 


2 


2 


2 


2 


-1 


-1 


X.114 












-i 










-1 


-1 


-1 


1 
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Character table of H{Fi23) (continued) 



2 


3 


1 3 


3 


1 


2 


2 2 


2 


2 


2 4 4 1 


1 


2 


2 


2 1 


3 


2 


3 




1 










1 1 




1 


1 


1 1 


5 




1 


i 
















1 


1 


1 


7 








1 


















1 


11 










1 


1 1 


1 


1 


1 . . . 










13 


















1 


1 










18j 18fc 20a 


206 21a 


22a 


226 22c 


22t; 22e 


22/ 24a 246 26a 


266 3()a 


306 30c 42a 


2P 


9a 


9c lOd lOd 21a 


11a 


11a 116 


116 116 11a 12a 126 13a 


136 ir,a 


loa 


15a 21a 


3P 


fin 


fis 20a 206 


7a 22a 226 22c 22£i 22e 22f 8a 86 26a 


266 


106 


lOc 10a 14a 


■5P 


18i 18fe 46 


4c 21a 22a 226 22c 22d 22e 22 f 24a 246 266 26a 


6 3 


64 


61 42a 


-p 


18i 18fe 20a 206 


3a 22c 22e 22a 22 f 226 22d 24a 246 266 26a 3()a 306 30c 6i 


lip 


18i 18fe 20a 206 21a 


2a 


2c 2a 


26 


2c 


26 24a 246 266 26a 30a 


306 30c 42a 


13P 


18i 


18fc 20a 206 21a 22c 22e 22a 22/ 226 22d 24a 246 2a 


2a 30a 306 30c 42a 


— X H8 


— 1 


























-X 89 




























-X 90 






















-i 


i 


i '. 


X 91 






















1 


-1 


1 


92 
















i 


i '. . -i 


-i 
















-1 


















'. -i 


X 94 




-2 '. 




-1 










1 


i 






-2 -1 


95 




2 




-1 










. -1 


-1 






2 1 


X.96 


















. D 


c 








X 97 


















. C 


D 








98 
















i 












99 








i 










1 -1 








-1 1 




















. -2 . 










Jf!l01 


2 
























-2 


X.102 


1 


. -i 


i 


-i 














-i 


i 


1 1 


X.103 


1 


1 


-1 


-1 














1 


-1 


1 1 


X.104 








-1 


















. -1 


X.105 




'. -i 


i 




-i 


-1 -1 


1 


-i 


i . . '. 




-i 


i 


-1 


X.106 




1 


-1 




-1 


1 -1 


-1 


1 


-1 . . . 




1 


-1 


-1 


X.107 


-i 


























X.108 


-1 


























X.109 


-1 


























X.llO 








1 


-1 


1 -1 


1 


1 


i '. '. '. 




-1 


-1 


1 1 


X.lll 








1 


1 


1 1 


-1 


1 


-1 . . . 




1 


-1 


-1 -1 


X.112 








1 


1 


-1 1 


1 


-1 


1 . . . 




-1 


1 


-1 -1 


X.113 








1 


-1 


-1 -1 


-1 


-1 


-1 . . . 




1 


1 


1 1 


X.114 




'. i 


i 


-1 


1 


-1 1 


-1 


-1 


-1-11 




1 


1 


1 -1 



«;/iereA = -C(ll)?i-C(ll)fi-C(ll)ti-C(ll)?i-C(ll)ii-l,i? = 6C(3)3 + 3,C = 
C(13)ii + C(13)f3+C(13)l3+C(13)f3+C(13)?3+C(13)f3 + 1,^ = -C(13)}^-C(13)f3- 
C(13)l3 - C(13)f3 - C(13)?3 - Cmh,E= -2C(8)i - 2C(8)8. 
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B.4. Character table of H {2 ¥122) = H2 = {P2,(l2,h2) 



2 


18 


18 


IS 


IS 


17 


17 


16 


16 


16 


16 


17 


17 


15 


15 


16 


11 


11 


13 


13 


13 


13 


12 


3 


4 


4 


4 


4 


4 


4 


2 


2 


2 


2 


1 


1 


2 


2 


1 


2 


2 


1 


1 


1 


1 


1 


5 


1 


1 


1 


1 


1 


1 




















1 


1 














la 


2 a 


2b 


2c 


2d 


2e 


■^f 


2q 


2h 


2i 




2fc 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


2t 


2u 


■IP 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


ZP 


la 


2a 


2b 


2 c 


2d 


2 c 


2/ 


29 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2t 


2s 


2t 


2u 


5P 


la 


2 a 


2b 


2 c 


2d 


2 c 


2/ 


29 


2h 


2i 


2j 


2k 


21 


2m 


2n 


2o 


2p 


2q 


2r 


2s 


2t 


2u 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


-1 


-1 


1 


1 


1 


1 


1 


X.3 


6 


6 


6 


6 


6 


6 


—2 


—2 


—2 


—2 


6 


6 


—2 


—2 


6 


4 


4 


2 


2 


2 


2 


2 


X.4 


6 


6 


6 


6 


6 


6 


—2 


—2 


—2 


—2 


6 


6 


—2 


—2 


6 


—4 


—4 


2 


2 


2 


2 


2 


X.5 


10 


10 


10 


10 


10 


10 


-6 


-6 


-6 


-6 


10 


10 


-6 


-6 


10 






2 


2 


2 


2 


2 


X.6 


IB 


IB 


15 


16 


IB 


IB 


7 


7 


7 


7 


16 


IB 


7 


7 


16 


B 


6 


3 


3 


3 


3 


3 


X.7 


IB 


IB 


15 


15 


IB 


IB 


7 


7 


7 


7 


15 


IB 


7 


7 


15 


— B 


— B 


3 


3 


3 


3 


3 


X.S 


IB 


IB 


15 


15 


IB 


IB 


— 1 


-1 


— 1 


-1 


15 


IS 


— 1 


-1 


15 


— 5 


-5 


— 1 


-1 


— 1 


-1 


— 1 


X.9 


IB 


IB 


15 


15 


IS 


IS 


— 1 


-1 


— 1 


-1 


15 


15 


— 1 


-1 


15 




5 


— 1 


— 1 


— 1 


— 1 


— 1 


X.IO 


16 


— 16 


16 


— 16 


16 


-16 


—8 


8 


—8 


8 






8 


-8 




4 


-4 


4 


4 


—4 


-4 


4 


X.ll 


16 


— 16 


16 


— 16 


16 


-16 


— 8 


8 


— 8 


8 






8 


-8 




—4 


4 


4 


4 


—4 


-4 


4 


X.12 


16 


-16 


16 


-16 


-16 


IG 


S 


-8 


8 


-8 






8 


-8 




-4 


4 


4 


4 


-4 


-4 


-4 


X.13 


16 


-16 


16 


-16 


-IG 


IG 


S 


-8 


8 


-8 






8 


-8 




4 


-4 


4 


4 


-4 


-4 


-4 


X.14 


20 


20 


20 


20 


20 


20 


4 


4 


4 


4 


20 


26 


4 


4 


26 






-4 


-4 


-4 


-4 


-4 


X.15 


20 


20 


20 


20 


20 


20 


4 


4 


4 


4 


20 


20 


4 


4 


20 


16 


16 


4 


4 


4 


4 


4 


X.16 


20 


20 


20 


20 


20 


20 


4 


4 


4 


4 


20 


20 


4 


4 


20 


— 10 


— 10 


4 


4 


4 


4 


4 


X.17 


24 


24 


24 


24 


24 


24 


S 


8 


s 


8 


24 


24 


8 


8 


24 


4 


4 












X.18 


24 


24 


24 


24 


24 


24 


S 


8 


S 


8 


24 


24 


8 


8 


24 


—4 


-4 












X.19 


30 


30 


30 


30 


30 


30 


— 10 


— 10 


— 10 


— 10 


30 


30 


— 10 


— 10 


30 


— 10 


— 10 


2 


2 


2 


2 


2 


X.20 


30 


30 


30 


30 


30 


30 


— 10 


-10 


— 10 


-10 


30 


30 


— 10 


-10 


30 


10 


10 


2 


2 


2 


2 


2 


X.21 


32 


-32 


-32 


32 






16 


16 


-16 


-16 
















8 


-8 


8 


-8 




X.22 


40 


40 


40 


40 


-40 


-40 


16 


16 


16 


16 


8 


8 


-16 


-16 


-8 


10 


10 


4 


4 


4 


4 


-4 


X.23 


40 


40 


40 


40 


—40 


—40 


16 


16 


16 


16 


8 


8 


— 16 


— 16 


—8 


— 10 


— 10 


4 


4 


4 


4 


—4 


X.24 


40 


40 


40 


40 


-40 


-40 


— 16 


-16 


— 16 


-16 


s 


8 


16 


16 


— 8 


10 


10 


4 


4 


4 


4 


—4 


x.2r> 


40 


40 


40 


40 


-40 


-40 


— 16 


— 16 


— 16 


— 16 


s 


8 


16 


16 


— 8 


— 10 


— 10 


4 


4 


4 


4 


—4 


X.2(i 


60 


60 


60 


60 


60 


60 


—4 


-4 


—4 


-4 


60 


60 


—4 


-4 


60 


— 10 


— 10 


4 


4 


4 


4 


4 


X.27 


60 


60 


60 


60 


60 


60 


—4 


—4 


—4 


-4 


60 


60 


—4 


-4 


60 


10 


10 


4 


4 


4 


4 


4 


X.28 


60 


60 


60 


60 


60 


60 


12 


12 


12 


12 


60 


60 


12 


12 


60 






4 


4 


4 


4 


4 


X.29 


64 


64 


64 


64 


64 


64 










64 


64 






64 


-16 


— 16 












X.30 


64 


64 


64 


64 


64 


64 










64 


64 






64 


16 


16 












X.31 


80 


80 


— 80 


— 80 






-32 


32 


32 


-32 


16 


-16 












8 


-8 


-8 


8 




X.32 


80 


80 


80 


SO 


-80 


-80 










16 


16 






-16 


26 


2() 


8 


8 


8 


8 


-8 


X.33 


80 


80 


80 


SO 


-80 


-80 










16 


16 






— 16 


-20 


-20 


8 


8 


8 


8 


-8 


X.34 


80 


80 


— 80 


— 80 






32 


-32 


-32 


32 


16 


-16 












8 


-8 


— 8 


8 




X.35 


80 


80 


80 


SO 


80 


80 


— 16 


-16 


— 16 


-16 


80 


80 


— 16 


-16 


80 
















.36 


81 


81 


81 


81 


81 


81 


9 


9 


9 


9 


81 


81 


9 


9 


81 


9 


9 


—3 


-3 


—3 


-3 


—3 


X.3T 


81 


81 


81 


81 


81 


81 


9 


9 


9 


9 


81 


81 


9 


9 


81 


-9 


-9 


-3 


-3 


-3 


-3 


-3 


X.38 


90 


90 


90 


90 


90 


90 


-6 


-6 


-6 


-6 


90 


90 


-6 


-6 


90 






-6 


-6 


-6 


-6 


-6 


X.39 


96 


-96 


96 


-96 


-96 


96 


-16 


16 


-16 


16 






-16 


16 




16 


-16 


8 


8 


-8 


-8 


-8 


X.40 


96 


— 96 


96 


-96 


—96 


96 


— 16 


16 


— 16 


16 






— 16 


16 




— 16 


16 


8 


8 


—8 


—8 


—8 


X.41 


96 


-96 


96 


-96 


96 


-96 


16 


-16 


16 


-16 






-16 


16 




-16 


16 


8 


8 


-8 


-8 


8 


X.42 


96 


— 96 


96 


—96 


96 


—96 


16 


— 16 


16 


— 16 






-16 


16 




16 


— 16 


8 


8 


—8 


—8 


8 


X.43 


120 


120 


120 


120 


120 


120 


24 


24 


24 


24 


—8 


— 8 


24 


24 


— 8 
















X.44 


120 


120 


120 


120 


-120 


— 120 


16 


16 


16 


16 


24 


24 


— 16 


— 16 


— 24 


— 10 


— 10 


—4 


-4 


—4 


-4 


4 


X.45 


120 


120 


120 


120 


-120 


— 120 


-16 


-16 


-16 


-16 


24 


24 


16 


16 


-24 


-10 


— 10 


-4 


-4 


-4 


-4 


4 


X.46 


120 


120 


120 


120 


-120 


— 120 


-16 


-16 


-16 


-16 


24 


24 


16 


16 


-24 


10 


10 


-4 


-4 


-4 


-4 


4 


X.47 


120 


120 


120 


120 


-120 


— 120 


16 


16 


16 


16 


24 


24 


— 16 


— 16 


— 24 


10 


10 


—4 


—4 


—4 


—4 


4 


X.48 


120 


120 


120 


120 


120 


120 


24 


24 


24 


24 


-8 


-8 


24 


24 


— 8 
















X.49 


120 


120 


120 


120 


120 


120 


24 


24 


24 


24 


— 8 


-8 


24 


24 


— 8 
















X.SO 


120 


120 


120 


120 


120 


120 


24 


24 


24 


24 


-8 


-8 


24 


24 


— 8 
















Jf .51 


135 


135 


135 


135 


135 


135 


— 33 


-33 


—33 


-33 


7 


7 


—33 


-33 


7 


15 


15 


3 


3 


3 


3 


3 


X.52 


135 


135 


135 


135 


135 


135 


—33 


-33 


—33 


-33 


7 


7 


—33 


-33 


7 


— 15 


— 15 


3 


3 


3 


3 


3 


X.53 


135 


135 


135 


135 


135 


135 


39 


39 


39 


39 


7 


7 


39 


39 


7 


IB 


16 


IB 


15 


15 


15 


15 


X.54 


13B 


135 


135 


135 


135 


135 


39 


39 


39 


39 


7 


7 


39 


39 


7 


— IB 


— IB 


IB 


15 


15 


15 


15 


X.&5 


160 


-160 


160 


-160 


160 


-160 


48 


-48 


48 


-48 






-48 


48 








8 


8 


-8 


-8 


8 


X.56 


160 


— 160 


160 


— 160 


— 160 


160 


—48 


48 


—48 


48 






—48 


48 








8 


8 


—8 


—8 


—8 


X.57 


160 


160 


-160 


-160 














32 


-32 












16 


-16 


-16 


16 




X.58 


160 


— 160 


— 160 


160 






—48 


—48 


48 


48 
















8 


—8 


8 


—8 




X.59 


160 


-160 


-160 


160 






-48 


-48 


48 


48 
















8 


-8 


8 


-8 




X .60 


192 


-192 


— 192 


192 






— 32 


-32 


32 


32 
















16 


— 16 


16 


— 16 




X.61 


216 


216 


216 


216 


-216 


— 216 


—48 


-48 


—48 


-48 


— 8 


-8 


48 


48 


8 




— 6 


12 


12 


12 


12 


-12 


X.62 


216 


216 


216 


216 


-216 


-216 


48 


48 


48 


48 


— 8 


-8 


-48 


-48 


8 


_5 


-6 


12 


12 


12 


12 


-12 


X.63 


216 


216 


216 


216 


-216 


— 216 


48 


48 


48 


48 


— 8 


-8 


—48 


-48 


8 




6 


12 


12 


12 


12 


-12 


X.64 


216 


216 


216 


216 


-216 


-216 


-48 


-48 


-48 


-48 


-8 


-8 


48 


48 


8 




6 


12 


12 


12 


12 


-12 


X.6S 


240 


240 


240 


240 


-240 


— 240 


— 32 


-32 


— 32 


-32 


48 


48 


32 


32 


— 48 


-40 


—40 


8 


8 


8 


8 


— 8 


x.ee 


240 


240 


-240 


-240 






32 


-32 


-32 


32 


48 


-48 












— 8 


8 


8 


-8 




X.67 


240 


240 


— 240 


-240 






— 32 


32 


32 


-32 


48 


-48 












— 8 


8 


8 


-8 




X.68 


240 


240 


240 


240 


-240 


— 240 


32 


32 


32 


32 


48 


48 


— 32 


-32 


— 48 


40 


40 


8 


8 


8 


8 


— 8 


XS9 


240 


240 


240 


240 


-240 


— 240 


— 32 


-32 


—32 


-32 


48 


48 


32 


32 


— 48 


40 


40 


8 


8 


8 


8 


— 8 


X.7t) 


240 


-240 


240 


-240 


-240 


240 


56 


-56 


56 


-56 






56 


— 56 




20 


— 20 


12 


12 


-12 


— 12 


-12 


X.71 


240 


-240 


240 


-240 


-240 


240 


56 


-56 


56 


-56 






56 


-56 




-20 


20 


12 


12 


-12 


-12 


-12 


X.72 


240 


— 240 


240 


—240 


—240 


240 


—8 


8 


—8 


8 






—8 


8 




20 


—20 


—4 


—4 


4 


4 


4 


X.73 


240 


-240 


240 


-240 


-240 


240 


-8 


8 


-8 


8 






-8 


8 




-20 


20 


-4 


-4 


4 


4 


4 


X.74 


240 


— 240 


240 


—240 


240 


—240 


8 


—8 


8 


—8 






—8 


8 




20 


—20 


—4 


—4 


4 


4 


—4 


X.75 


240 


-240 


240 


-240 


240 


-240 


8 


-8 


8 


-8 






-8 


8 




-20 


20 


-4 


-4 


4 


4 


-4 


X.76 


240 


240 


240 


240 


240 


240 


48 


48 


48 


48 


— 16 


— 16 


48 


48 


— 16 
















X.77 


240 


— 240 


240 


— 240 


240 


— 240 


— 56 


56 


— 56 


56 






56 


— 56 




— 20 


20 


12 


12 


— 12 


— 12 


12 


X.78 


240 


240 


240 


240 


-240 


— 240 


32 


32 


32 


32 


48 


48 


—32 


-32 


—48 


-40 


—40 


8 


8 


8 


8 


—8 


X.79 


240 


— 240 


240 


— 240 


240 


— 240 


— 56 


56 


— 56 


56 






56 


— 56 




20 


—20 


12 


12 


— 12 


— 12 


12 


X.SO 


240 


240 


240 


240 


240 


240 


-48 


-48 


-48 


-48 


-16 


-16 


-48 


-48 


-16 
















X.81 


240 


240 


240 


240 


240 


240 


-48 


-48 


-48 


-48 


-16 


-16 


-48 


-48 


-16 
















X.82 


270 


270 


270 


270 


270 


270 


6 


G 


6 


G 


14 


14 


6 


6 


14 


30 


30 


18 


18 


18 


18 


18 


X.83 


270 


270 


270 


270 


270 


270 


6 


G 


6 


G 


14 


14 


6 


6 


14 


-30 


-30 


18 


18 


18 


18 


18 


X.84 


320 


320 


320 


320 


-320 


-320 


64 


64 


64 


64 


64 


64 


-64 


-64 


-64 
















X.85 


320 


-320 


320 


-320 


320 


-320 


-32 


32 


-32 


32 






32 


-32 




40 


-40 


16 


16 


-16 


-16 


16 


X.86 


320 


-320 


320 


-320 


320 


-320 


-32 


32 


-32 


32 






32 


-32 




-40 


40 


16 


16 


-16 


-16 


16 


X.87 


320 


320 


320 


320 


-320 


-320 


-64 


-64 


-64 


-64 


64 


64 


64 


64 


-64 
















X.88 


320 


-320 


320 


-320 


320 


-320 


-32 


32 


-32 


32 






32 


-32 








-16 


-16 


16 


16 


-16 


X.89 


320 


-320 


320 


-320 


-320 


320 


32 


-32 


32 


-32 






32 


-32 








-16 


-16 


16 


16 


16 


X.90 


320 


-320 


320 


-320 


-320 


320 


32 


-32 


32 


-32 






32 


-32 




-40 


40 


16 


16 


-16 


-16 


-16 


X.91 


320 


-320 


320 


-320 


-320 


320 


32 


-32 


32 


-32 






32 


-32 




40 


-40 


16 


16 


-16 


-16 


-16 


X.92 


320 


-320 


-320 


320 






32 


32 


-32 


-32 
















-16 


16 


-16 


16 




X.93 


320 


-320 


-320 


320 






32 


32 


-32 


-32 
















-16 


16 


-16 


16 




X.94 


320 


320 


-320 


-320 






64 


-64 


-64 


64 


64 


-64 






















X.95 


320 


320 


-320 


-320 






64 


-64 


-64 


64 


64 


-64 
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Character table of H {2 ¥122) (continued) 



2 


12 


13 


10 


8 


9 


6 


12 


11 


11 


12 


11 


11 


11 


11 


11 


11 


10 


10 


10 


10 


10 


10 


10 


10 


3 
5 


1 




1 


4 


3 


3 


3 


2 
1 


2 
1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




•Iv 


•In, 


•Ix 


;ia 


36 


3c 


4l 


42 


4=1 


44 


45 


46 


47 


4s 


49 


4in 


4ii 


4l2 


4l3 


4l4 


4l5 


4lB 


4l7 


4l8 


iP 


la 


la 


la 


3a 


3h 


3c 


2 a 


2h 


ih 


2a 


2j 


2j 


2j 


ih 


'2h 


2j 


2/ 






2g 


2l 


29 


ih 


2/ 


SP 


2v 


2ii' 


2a; 


la 


la 


la 


4l 


42 


4 5 


44 


4i 


4(5 


47 


4s 


49 


4in 4ii 


4l2 


4is 


4l4 


4l5 4i6 


4l7 


4l8 


5P 


2v 


2U! 


2a; 


3a 


36 


3c 


4l 


42 


4"h 


44 


4'r, 


4(1 


47 


4s 


49 


4io 




4l2 


4rH 


4l4 




4i(S 


4l7 


4is 


X.l 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


— 


— 


1 


1 


1 


— 


j 


1 




X.2 


1 


1 


-1 


1 


1 


1 


1 


-1 


-1 


1 


-1 


1 


1 


-1 


-1 






1 


-1 


1 






-1 


1 


X.3 


2 


—2 




—3 




3 


6 


4 


4 


—2 




—2 


—2 










—2 


4 


2 








2 


XA 


2 


-2 




-3 




3 


6 


-4 
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-4 


4 


-4 


-4 


-4 


4 


4 


4 


-4 


5 


— 5 


-5 


-2 


-2 


2 


2 


5 


-5 


X.86 


4 


-4 


4 


-4 


4 


-4 


4 


4 


-4 


4 


-4 


-4 


-4 


4 


4 


4 


-4 


5 


-5 


-5 


-2 


-2 


2 


2 




-5 


X.87 


-4 


4 


-4 


-4 


14 


14 


14 


-14 


-14 


-4 


4 


-4 


4 


4 


4 


-4 


-4 


-4 


-4 


-4 


2 


2 


2 


2 


4 


4 


X.88 


-14 


14 


-14 


14 


-8 


8 


-8 


-8 


8 


-2 


2 


2 


2 


-2 


-2 


-2 


2 


2 


-2 


-2 


4 


4 


-4 


-4 


2 


-2 


X.89 


-14 


-14 


-14 


14 


-8 


8 


-8 


8 


-8 


2 


2 


-2 


2 


-2 


-2 


2 


-2 


2 


-2 


-2 


-4 


-4 


4 


4 


-2 


2 


X.90 


4 


4 


4 


-4 


4 


-4 


4 


-4 


4 


-4 


-4 


4 


-4 


4 


4 


-4 


4 


5 


-5 


-5 


2 


2 


-2 


-2 


-5 


5 


X.91 


4 


4 


4 


-4 


4 


-4 


4 


-4 


4 


-4 


-4 


4 


-4 


4 


4 


-4 


4 








2 


2 


-2 


-2 


-6 


6 


X.92 


-14 


A 


14 


-14 


-8 


-8 


8 






2 


A 


2 


A 


A 


A 


-2 


-2 


-2 


2 


-2 


-4 


4 


-4 


4 






X.93 


-14 


A 


14 


-14 


-8 


-8 


8 






2 


A 


2 


A 


A 


A 


-2 


-2 


-2 


2 


-2 


-4 


4 


-4 


4 






X.94 


-4 


F 


4 


4 


14 


-14 


-14 






4 


G 


-4 


G 


G 


G 


-4 


4 


4 


4 


-4 


-2 


2 


2 


-2 






X.9B 


-4 


F 


4 


4 


14 


-14 


-14 






4 


G 


-4 


G 


G 


G 


-4 


4 


4 


4 


-4 


-2 


2 


2 


-2 
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Character table of H {2 ¥122) (continued) 



2 


8 


8 


6 


6 


6 


6 


7 


5 


5 


5 


5 


5 


5 


5 


5 


6 


6 


G 


6 


4 


4 


5 


5 


5 


7 


7 


7 


7 


3 
5 


1 


1 


2 


2 


2 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


1 


1 


1 


1 


2 


2 


1 


1 


1 


1 


1 








«3n 


i3l 


l>32 




^•.14 




t>36 






t>39 


t>4n 


t>41 


t>42 


t>43 


b44 


t>45 


t>4fi 


t>47 


t>48 


t>49 




b51 


t>52 


«53 


«a. 


Hb 


8c 


8d 


iP 


36 


36 


3fc 








3 b 


3c 


3 c 


3 c 


3c 


3 c 


3c 


3 c 


3 c 


3c 


3c 


3c 


3c 


3c 


3 c 


3c 


3fc 


3c 


il 


4i 


44 


420 


3P 


2.7 


2k 


2Tn 


2o 


2p 


2/ 


2n 


2f 2m 


21 


2i 


2 m 


2a 


2? 


2/1 


2q 


2r 


2s 


2t 


2o 


2p 


2u 


2x 


2v 


8a 


86 


8c 


8d 


5P 


f'30 f'31 f>32 f'33 f'34 f>35 


() 35 




641 643 640 (iaS *'42 f>39 *'44 f>45 fj46 ^>47 f^S *'50 ^^51 






8a. 


8f) 


8c 


8d 


X.l 


1 


1 


1 


1 


1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


X.2 


1 


1 


1 


— 1 


— 1 


1 


1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


— 1 


— 1 


1 


-1 


1 


-1 


-1 


1 


1 


X.3 






— 2 


— 2 


— 2 


— 2 






1 


1 


1 


1 


1 


1 


1 


— 1 


— 1 


— 1 


— 1 


1 


1 


— 1 




— 1 






2 




XA 


■ 


■ 


— 2 


2 


2 


— 2 




''^ 


1 


1 


1 


1 


1 


1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 




— 1 






2 




X.5 


4 


4 


■ 


■ 


■ 


■ 


4 




- 


■ 


- 


- 


■ 


- 


■ 


2 


2 


2 


2 


■ 


■ 


2 




2 






2 


-2 


X.6 


3 


3 


1 


— 1 


— 1 


1 


3 


2 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 










2 


2 




i 




i 


i 


— 1 


1 


X.l 


3 


3 


1 


1 


1 


1 


3 




— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


■ 


■ 


■ 


■ 


— 2 


—2 


■ 


— 1 




— 1 


— 1 


— 1 


1 


x.s 






2 


— 2 


— 2 


2 




]^ 


- 1 


— 1 


— 1 


— 1 


— 1 


~ 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


1 


~ 1 




-i 


3 


3 


3 


— 1 


X.9 






2 


2 


2 


2 






— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 




— 1 


—3 


—3 


3 


— 1 


X.IO 






— 2 


— 2 


2 


2 






1 


— 1 


— 1 


1 


— 1 


— 1 


1 


1 


1 


— 1 


— 1 


1 


— 1 


1 




— 1 










X.ll 






— 2 


2 


— 2 


2 






1 


— 1 


— 1 


1 


— 1 


— 1 


1 


1 


1 


— 1 


— 1 


— 1 


1 


1 




— 1 










X.12 






— 2 


2 


— 2 


2 







1 


— 1 


1 


1 


1 


— 1 


— 1 


1 


1 


— 1 


— 1 


— 1 


1 


— 1 




1 










.13 






— 2 


— 2 


2 


2 






1 


— 1 


1 


1 


1 


— 1 


— 1 


1 


1 


— 1 


— 1 


1 


— 1 


— 1 




1 










X.14 


2 


2 


— 2 




■ 


— 2 


2 




— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


— 2 


2 


2 


2 


2 


■ 


■ 


2 




2 






4 




X.15 


— 1 


— 1 


1 


1 


1 


1 


— 1 


]^ 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


— i 


1 


2 


2 






X.16 


— 1 


— 1 


1 


— 1 


— 1 


1 


— 1 




1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


— 1 


— 1 


1 


1 


1 


— 2 


— 2 






X.17 


3 


3 


— 1 


1 


1 


— 1 


3 


2 


2 


2 


2 


2 


2 


2 


2 










— 2 


— 2 




1 




4 


4 






X.18 


3 


3 


— 1 


— 1 


— 1 


— 1 


3 


2 


2 


2 


2 


2 


2 


2 


2 


■ 


■ 


■ 


■ 


2 


2 




-1 




-4 


-4 






X.19 


3 


3 


— 1 


— 1 


— 1 


— 1 


3 




— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


2 


2 


-2 




X.20 


3 


3 


— 1 


1 


1 


— 1 


3 


~ J 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


1 


— 1 


1 


— 1 


— 2 


— 2 


— 2 




X.21 


■ 


■ 


■ 


■ 


■ 


■ 




2 


■ 


■ 


2 


■ 


— 2 


■ 


2 


2 


— 2 


2 


— 2 


■ 


■ 


■ 














X.22 


— 1 


— 1 


— 1 


1 


1 


— 1 


i 




— 1 


— 1 


1 


— 1 


1 


— 1 


1 


1 


1 


1 


1 


1 


1 


— 1 


3 


— i 


—2 


2 




—2 


X.23 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 




— 1 


— 1 


1 


— 1 


1 


— 1 


1 


1 


1 


1 


1 


— 1 


— 1 


— 1 


—3 


-1 


2 


— 2 




—2 


X.24 


— 1 


— 1 


1 


1 


1 


1 


1 




1 


1 


— 1 


1 


— 1 


1 


— 1 


1 


1 


1 


1 


1 


1 


— 1 


1 


-1 


2 


— 2 




2 


X.25 


— 1 


— 1 


1 


— 1 


— 1 


1 


1 




1 


1 


— 1 


1 


— 1 


1 


— 1 


1 


1 


1 


1 


— 1 


— 1 


— 1 


-1 


-1 


-2 


2 




2 


X.26 


— 3 


— 3 


— 1 


— 1 


— 1 


— 1 


— 3 


j 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


1 


1 


1 


— 1 


— 1 


1 


1 


1 


— 2 


— 2 






X.27 


—3 


— 3 


— 1 


1 


1 


— 1 


— 3 




— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


1 


1 


1 


1 


1 


1 


— 1 


1 


2 


2 






X.28 


■ 


■ 




■ 


■ 






















— 2 


— 2 


— 2 


— 2 


■ 


■ 


— 2 




—2 






4 




X.29 


— 2 


— 2 




2 


2 




— 2 


























2 


2 
















X.30 


— 2 


— 2 




— 2 


— 2 




— 2 








■ 




■ 




■ 


■ 


■ 


■ 


■ 


— 2 


— 2 
















X.31 


— 2 


2 




■ 


■ 






2 






— 2 




2 




2 


2 


— 2 


— 2 


2 


■ 


■ 


■ 














X.32 


4 


4 




2 


2 




-4 


















2 


2 


2 


2 


2 


2 


— 2 


-2 


-2 










X.33 


4 


4 




— 2 


— 2 




-4 








■ 




■ 




■ 


2 


2 


2 


2 


— 2 


— 2 


— 2 


2 


-2 










X.34 


— 2 


2 


■ 






■ 




2 


■ 




2 


■ 


— 2 


■ 


— 2 


2 


— 2 


— 2 


2 




















X.35 


2 


2 


2 






2 


2 


2 


2 




2 


2 


2 


2 


2 




























X.36 


















































—3 


—3 


-3 


— i 


X.37 


















































3 


3 


-3 


-1 


X.38 






















































2 


2 


X.39 






4 


4 


— 4 


— 4 




-i 


1 


_1 


1 


1 


1 


_1 


_1 


_1 


_1 


1 


1 


1 


_1 


1 




— i 










X.40 






4 


— 4 


4 


— 4 




-1 


1 


— 1 


1 


1 


1 


— 1 


— 1 


— 1 


— 1 


1 


1 


— 1 


1 


1 




-1 










X.41 






4 


— 4 


4 


— 4 




1 


1 


_1 


_1 


1 


_1 


_1 


1 


_1 


_1 


1 


1 


_1 


1 


_1 




1 










X.42 






4 


4 


— 4 


— 4 




1 


1 


_1 


_1 


1 


_1 


_1 


1 


_1 


_1 


1 


1 


1 


_1 


_1 




1 










X.43 


_2 


— 2 










_2 
































~2 












X.44 


3 


3 


~1 


— 1 


— 1 


— 1 


— 3 


i 


— 1 


— 1 


1 


— 1 


1 


— 1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


1 


i 


-2 


2 




2 


X.45 


3 


3 


1 


— 1 


— 1 


1 


-3 


-1 


1 


1 


— 1 


1 


— 1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


-1 


1 


2 


-2 




-2 


X.46 


3 


3 


1 


1 


1 


1 


-3 


-1 


1 


1 


_1 


1 


_1 


1 


_1 


_1 


_1 


_1 


_1 


1 


1 


1 


1 


1 


-2 


2 




-2 


X.47 


3 


3 


— 1 


1 


1 


— 1 


-3 


1 


— 1 


— 1 


1 


— 1 


1 


— 1 


1 


— 1 


— 1 


— 1 


— 1 


1 


1 


1 


-1 


1 


2 


-2 




2 


X.48 


— 2 


— 2 










-2 
































2 












X.49 


— 2 


— 2 










-2 
































2 












X.50 


— 2 


— 2 










-2 
































-2 












X.51 


1 


1 


3 


3 


3 


3 


1 
































1 




-i 


-i 


-i 


i 


X.52 


1 


1 


3 


— 3 


— 3 


3 


1 
































-1 




1 


1 


-1 


1 


X.53 


1 


1 


3 


3 


3 


3 


1 
































1 




-1 


-1 


-1 


-1 


X.54 


1 


1 


3 




— 3 


3 


1 
































-1 




1 


1 


-1 


-1 


X.55 
































2 


2 


— 2 


— 2 






2 




-2 










X.56 
































2 


2 


— 2 


— 2 






—2 




2 










X.57 


8 


— 8 














■ 














4 


—4 


— 4 


4 




















X.58 


































~^ 




"■^ 




















X.59 
















■ 


- 
B 


- 
B 




B 




B 




2 


— 2 


2 


— 2 




















X.60 


■ 


■ 


■ 


- 


■ 


- 










2 




— 2 




2 


— 2 


2 


— 2 


2 




















X.61 


1 


1 


3 


—3 


—3 


3 


-i 
































i 




2 


-2 




-2 


X.62 


1 


1 


—3 


—3 


—3 


—3 


— 1 
































— 1 




—2 


2 




2 


X.63 


1 


1 


— 3 


3 


3 


—3 


— 1 
































1 




2 


—2 




2 


X.64 


1 


1 


3 


3 


3 


3 


— 1 




■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 








— 1 




—2 


2 




—2 


X.65 






2 


2 


2 


2 






— 1 


— 1 


1 


— 1 


1 


_ 1 


1 


~ 1 


— 1 


— 1 


— 1 


— 1 


















X.66 


6 


— 6 


















2 




— 2 




— 2 


— 2 


2 


2 


— 2 




















X.67 


6 


— 6 


■ 


■ 


■ 


■ 










— 2 




2 




2 


— 2 


2 


2 


— 2 




■ 


■ 














X.68 






— 2 


— 2 


— 2 


— 2 






1 


1 


— 1 


1 


— 1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


1 


1 




i 










X.69 






2 


— 2 


— 2 


2 






— 1 


— 1 


1 


— 1 


1 


— 1 


1 


— 1 


— 1 


— 1 


— 1 


1 


1 


1 




1 










X.70 






— 2 


2 


— 2 


2 




2 


— 2 


2 


— 2 


— 2 


— 2 


2 


2 










2 


— 2 
















X.71 






— 2 


— 2 


2 


2 




2 


— 2 


2 


— 2 


— 2 


— 2 


2 


2 










— 2 


2 
















X.72 
















]^ 
































— i 










X.73 






— 4 


4 


— 4 


4 




]^ 


_1 


1 


_1 


_1 


_1 


1 


1 


_1 


_1 


1 


1 


1 


_1 


1 




— 1 










X.74 






-4 


-4 


4 


4 




— 1 


-1 


1 


1 


-1 


1 


1 


-1 


-1 


-1 


1 


1 


-1 


1 


-1 




1 










X.75 






_4 


4 


-4 


4 




-1 


-1 


1 


1 


-1 


1 


1 


-1 


-1 


-1 


1 


1 


1 


-1 


-1 




1 










X.76 


-4 


-4 










-4 












































X.77 






-2 


-2 


2 


2 




-2 


-2 


2 


2 


-2 


2 


2 


-2 










-2 


2 
















X.78 






-2 


2 


2 


-2 




-1 


1 


1 


-1 


1 


-1 


1 


-1 




-i 






-1 


-1 
















X.79 






-2 


2 


-2 


2 




-2 


-2 


2 


2 


-2 


2 


2 


-2 










2 


-2 
















X.80 


-4 


-4 










-4 












































X.81 


-4 


-4 










-4 












































X.82 


-1 


-1 


-3 


-3 


-3 


-3 


— 1 
































— 1 




—2 


—2 


—2 




X.83 


-1 


-1 


-3 


3 


3 


-3 


-1 
































1 




2 


2 


-2 




X.84 


-2 


-2 


2 






2 


2 


-2 


2 


2 


-2 


2 


-2 


2 


-2 




























X.85 






-2 


-2 


2 


2 




1 


1 


-1 


-1 


1 


-1 


-1 


1 


i 


1 


-i 


-i 


i 


-i 


i 




-i 










X.86 






-2 


2 


-2 


2 




1 


1 


-1 


-1 


1 


-1 


-1 


1 


1 


1 


-1 


-1 


-1 


1 


1 




-1 










X.87 


-2 


-2 


~2 






-2 




2 


-2 


-2 


2 


-2 


2 


-2 


2 




























X.88 






4 






-4 




-2 


-2 


2 


2 


-2 


2 


2 


-2 


2 


2 


-2 


-2 






2 




-2 










X.89 






4 






-4 




2 


-2 


2 


-2 


-2 


-2 


2 


2 


2 


2 


-2 


-2 






-2 




2 










X.90 






-2 


2 


-2 


2 




-1 


1 


-1 


1 


1 


1 


-1 


-1 


1 


1 


-1 


-1 


-i 


i 


-1 




1 










X.91 






-2 


-2 


2 


2 




-1 


1 


-1 


1 


1 


1 


-1 


-1 


1 


1 


-1 


-1 


1 


-1 


-1 




1 










X.92 
















2 






-2 




2 




-2 


2 


-2 


2 


-2 




















X.93 
















2 






-2 




2 




-2 


2 


-2 


2 


-2 




















X.94 


-2 


2 












-2 


S 


B 


-2 


B 


2 


B 


2 




























X.9B 


-2 


2 












-2 


B 


B 


-2 


B 


2 




2 
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Character table of H {2 ¥122) (continued) 



2 


7 7 


7 


6 


6 


6 


6 


6 


6 


6 


3 


4 


4 


4 


3 


3 


3 


3 


7 


7 


5 


6 


6 


6 


6 


6 


6 


3 




















2 
















2 


2 


3 


2 


2 


2 


1 


1 


1 


5 






















i 


i 


1 


1 


1 


1 


1 






















8e 8/ 


B9 


8h 


8i 


87 


8fc 


81 8m 


»n 


9a 


10a 


IU6 lOc 


lUd lUe 


10/ lOg 12i 


1^2 




11^4 


1:^5 








1:^9 


2P 


420 ^20 


420 


4ll 


4ll 


4l6 


4i9 


427^ 


427 


4l6 




— 'To" 










ba ba 


t>8 




69 


b9 




t>30 t>30 f^'SO 


3P 


8e 8/ 




8/1 


8i 


8j 


8fc 






8n 


3a lOo 10f» lOc lOd lOe 10/ lOg 


A, 


4i 


4i 


4^ 


42 


4i 


4r 




^7 


5P 


8e 8/ 




8h 


8i 


83 


8fc 


81 


8 m 


8n 


9 a 


2b 


2a 


2c 


2o 


2d 




2e 




122 


123 


124 


12r, 


12fi 




1 9.-, 


12^ 


X.l 


1 1 


1 


1 


1 


1 


1 


Y 


j- 


1 


— j- 


Y' 


— Y" 


— j- 


^ 


— Y 


J— 


— ^ 


Y 


1 


1 


1 


1 


1 


^ 


— Y" 




X.2 


-1 1 


-1 


-1 


-1 


-1 


-1 






-1 














~}r 






1 


1 


-1 


-1 


1 








X.3 


—2 


2 








2 




























—3 


— 2 


— 2 










XA 


2 


-2 








-2 


■ 


' 




















■ 




-3 


2 


2 










X.B 


. -2 




































4 


1 






4 


■ 


■ 


■ 


X.6 


3 1 


-1 


-1 


-1 


-1 


-1 


i: 




-i 




















3 


-3 


-i 


-i 


3 








X.7 


—3 1 


1 


1 


1 


1 


1 






1 




















3 


— 3 


1 


1 


3 








x.s 


— 1 — 1 


— 1 


1 


1 


1 


— 1 






1 






















6 


— 2 


— 2 










X.9 


1 — 1 


1 


— 1 


— 1 


— 1 


1 


— 1 


— 1 


— 1 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 






6 


2 


2 




■ 


;r 
2 


2 


X.IO 










2 








— 2 
























2 


— 2 










X.ll 










-2 








2 
























-2 


2 










X.12 






-2 


2 


































2 


-2 










X.13 






2 


-2 












r 
















■ 






-2 


2 






■ 


■ 


X.14 






































2 


— 7 






2 


■ 




— 2 


X.15 


2 


2 








2 








~| 


















— 1 


2 


i 


1 


— 1 








X.16 


— 2 


—2 








—2 










■ 


■ 


■ 


■ 


■ 


■ 


■ 




— 1 


2 


— 1 


— 1 


— 1 








X.17 






































3 


6 


1 


1 


3 








X.IS 






































3 


6 


— 1 


— 1 


3 






~^ 


X.19 


4 




































3 


3 


— 1 


— 1 


3 


~ i" 


~ 




X.20 


—4 


















■ 


■ 


■ 


■ 












3 


3 


1 


1 


3 


1 


— 1 


— 1 


X.21 




































■ 












■ 


■ 


■ 


X.22 


'. 2 





































3 




-i 


-i 


-3 








X.23 


2 


































3 


3 




1 


1 


—3 








X.24 


. -2 


































3 


3 




-1 


-1 


— 3 








X.25 


. —2 


































3 


3 




1 


1 


— 3 




~ j 




X.26 


2 


2 








2 
























— 3 


— 3 


6 


— 1 


— 1 


— 3 








X.27 


— 2 


— 2 








—2 
























— 3 


— 3 


G 


1 


1 


— 3 


— 1 


— 1 


— 1 


X.28 




















■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 




-3 














X.20 






































— 2 


-8 


2 


2 


— 2 








X.30 














■ 


■ 






















— 2 


-8 


-2 


— 2 


— 2 




■ 


■ 


X.31 




















2 


















-6 










■ 






X.32 










































-2 


— 2 










X.33 














■ 


■ 




















■ 






2 


2 




— 2 


■ 


■ 


X.34 






































-6 
















X.36 














■ 


■ 






■ 


■ 


■ 


■ 


■ 


■ 


■ 




2 


— 10 






2 








X.36 


3 — i 


— 1 


1 


i 


1 


— 1 


— 1 


— 1 


1 
















if 




















X.37 


-3 -1 


1 


-1 


-1 


-1 


1 


— 1 


— 1 


-1 
















1 




















X.38 


2 




















■ 


■ 


■ 


■ 


' 


■ 


' 




















X.39 










































4 


— 4 










X.40 
























~| 


~| 


~| 


~| 












—4 


4 










X.41 






















r 


~r 


~| 
















4 


— 4 










X.42 
























~^ 








r 




■ 






—4 


4 




■ 






X.43 








2 


—2 








— 2 


















2 


2 








2 


2 


■ 


■ 


X.44 


! -2 


































;^ 


3 




1 


1 


— 3 








X.43 


2 


































;^ 


3 




1 


1 


-3 




~| 


~| 


X.46 


2 


































;^ 


3 




-1 


-1 


— 3 








X.47 


. -2 




































3 




— 1 


— 1 


— 3 






~| 


X.4S 








2 


-2 








— 2 




















2 








2 








X.49 








—2 


2 








2 




















2 


— 1 






2 


~o 






X.50 






-2 


-2 


2 




■ 


■ 


2 




















2 


-1 






2 




■ 


■ 


X.51 


1 i 


-3 


— 1 


— 1 


— 1 


1 




} 


— 1 


















— 


—3 




3 


3 


— 3 








X.52 


— 1 1 


3 


1 


1 


1 


— 1 


1 


1 


1 


















— 3 


—3 




— 3 


—3 


—3 


:[ 


~ j 


~| 


X.53 


— 1 — 1 


— 1 


1 


1 


1 


— 1 






1 


















— 3 


—3 




3 


3 


—3 


1 




~r 


X.54 


1 — 1 


1 


— 1 


—1 


— 1 


1 


— 1 


— 1 


— 1 


■ 
















— 3 


—3 




—3 


—3 


—3 








X.55 






















































X.56 






















































X.57 






















































X.58 






















































X.59 






















■ 


■ 


■ 




























X.60 




























■ 


■ 


■ 


■ 














• 


■ 


■ 


X.61 


2 
























j 




~| 






— 


— 3 




3 


3 


3 








X.62 


. -2 




























~| 




~| 


— 3 


—3 




3 


3 


3 








X.63 


. —2 




























~| 




~| 


— 3 


—3 




—3 


—3 


3 


1 


— 1 


— 1 


X.64 


2 




























~^ 




~^ 


— 3 


-3 




-3 


-3 


3 








X.65 














■ 


■ 




















■ 






— 2 


— 2 






— 2 


— 2 


X.Gfi 














— 2 


2 























-6 
















X.U7 














2 


— 2 




















6 


—6 
















X.GS 










































2 


2 










X.69 










































2 


2 




• 






X.70 






— 2 


2 


































2 


— 2 




— 2 






X.71 






2 


— 2 


































-2 


2 










X.72 






—2 


2 


































—4 


4 










X.73 






2 


-2 


































4 


-4 










X.74 










—2 








2 
























4 


— 4 










X.75 










2 








— 2 
























— 4 


4 










x.7a 




































4 


4 


— 2 






4 








X.77 










2 








— 2 
























2 


— 2 




-2 






X.78 










































— 2 


— 2 






2 


2 


X.79 










—2 








2 
























— 2 


2 




2 






X.80 




































4 


4 


— 2 






4 








X.81 




































4 


4 


-2 






4 








X.82 




-4 
































3 


3 




-3 


-3 


3 


-i 


i 


i 


X.83 




4 
































3 


3 




3 


3 


3 


1 


1 


1 


X.84 




















-1 
















6 


6 








-6 




-2 


-2 


x.as 




















-1 






















2 


-2 




-2 






X.S6 




















-1 






















-2 


2 




2 






X.87 




















-1 
















6 


6 








-6 




2 


2 


X.88 




















-1 


































X.89 




















-1 


































X.90 




















-1 






















2 


-2 




-2 






X.91 




















-1 






















-2 


2 




2 






X.92 




















-1 


































X.93 




















-1 


































X.94 




















-1 
















6 


-6 












-2 


2 


X.95 




















-1 
















6 


-6 












-2 


2 
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Character table of H {2 ¥122) (continued) 



2 


(i 


6 


6 


4 


4 


5 


5 


5 








5 


5 


5 










4 


4 


4 


3 
5 


1 


1 


1 


2 


2 


1 


1 


1 


i 


i 


i 


1 


1 


1 


i 


i 


i 


i 


1 


1 


1 




i^io 


12ii 




i^l3 


12i4 


1^15 




12l7 12l8 


1^19 


-L^20 -L^21 -L^22 -1-^23 -L^24 -L^25 -L^26 -L^27 -L^28 


1229 


1230 


■IP 










•'21 


B13 


(j3Q 


Bi4 


bsi 


(h4 


bl5 




b4 


t>16 










"^46 


t>4c^ 


t>4g 


■,-iP 


4s 


49 


4 10 


42 


43 


4ii 


4l2 


423 


4l3 


425 4i5 44 
1223 1220 1221 1222 12l9 


423 


4l7 


4l6 


4l8 


421 


422 


424 


SP 


12io 


12ii 


12l2 


12l3 


12i4 12i5 


12l6 


1224 12l8 


12i7 1225 1226 1^27 1228 


1229 


1230 


XA 


1 


1 


1 


1 


]^ 




_±1^ 










-[^ 


-[^ 












-[^ 






X.2 


-1 


-1 


-1 


-1 


~ J 




1 










~}. 
















-1 


-1 


X.3 








1 






—2 






~| 


~| 


~2 






~r 










1 


1 


XA 








— 1 


~1 


~^ 


—2 


~1 




~| 


~| 


2 




~| 


~| 










-1 


-1 


X.5 










■ 






~| 


■ 


~r 


~r 


' 


— 




~| 


■ 












X.6 


1 


1 


1 


2 




^1 
~ j- 


1 






~1 


~1 








~^ 














X.7 


-1 


— 1 


— 1 


— 2 


— 2 


— 1 


1 


— 1 


1 


— 1 


— 1 


1 


1 


— 1 


— 1 


— 1 


— 1 


— 1 


■ 






X.8 








1 






2 










~^ 
















-i 


-i 


X.9 








— 1 




■ 


2 










2 


2 










■ 


1 


1 


1 


X.IO 


2 


-2 


-2 


1 




























2 


1 


1 


-1 


X.ll 


-2 


2 


2 


— 1 


j 












■ 












■ 


2 


~1 


— 1 


1 


X.12 


-2 


2 


—2 


1 


~1 












2 












~2 






1 


1 


X.13 


2 


—2 


2 


— 1 




■ 










2 




■ 








~2 


■ 


1 
1 


— 1 


— 1 


X.14 










■ 


1 


— 2 




■ 




1 


■ 


1 






■ 


1 


1 


■ 






X.lo 


— 1 


-i 


— i 


1 






1 










1 


~^ 






~1 






~ 1 


-i 


-i 


X.IG 


1 


1 


1 


— 1 


^1 




1 










~ 1 


~2 






1 






1 


1 


1 


X.17 


1 


1 


1 


— 2 






— 1 












2 






1 












X.18 


— 1 


— 1 


— 1 


2 


~ 


- 


— 1 


■ 




■ 


■ 




2 


■ 


■ 


~1 


■ 


■ 


- 






X.19 


— 1 


— 1 


— 1 


— 1 






— 1 












~| 






~| 








i 


i 


X.20 


1 


1 


1 


1 






-1 


























-1 


-1 


X.21 










■ 






~ 


■ 






■ 




2 


~2 


■ 






■ 






X.22 


i 


i 


— i 


— i 


~1 




— i 




— 1 














— 3 








i 


— i 


X.23 


—1 


—1 


1 


1 


1 




—1 




1 






— 1 








3 






1 


—1 


1 


X.24 


3 


3 


— 3 


— 1 


^1 




1 


















~\ 








-1 


1 


X.25 


—3 


—3 


3 


1 


1 




1 




1 






— 1 


■ 






1 






— 1 


1 


— 1 


X.2(i 


1 


1 


1 


— 1 






— 1 












2 












~ j 


— 1 


— 1 


X.27 


— 1 


—1 


— 1 


1 






-1 












2 




■ 


~1 






1 


1 


1 


X.28 










■ 








■ 






■ 




















X.29 








2 




































X.30 








— 2 




































X.31 










■ 








■ 






■ 








■ 












X.32 


-2 


— 2 


2 


— 2 
















2 








2 












X.33 


2 


2 


— 2 


2 
















~2 








~2 












X.34 


























■ 


















X.35 














2 












2 


















X.36 












































X.37 












































X.38 






















— i 




—3 








— i 










X.39 








— i 


i 












— 2 












2 




i 


— i 


— i 


X.40 








1 


— 1 












-2 












2 




-1 


1 


1 


X.41 








— 1 


1 


2 
























— 2 


-1 


— 1 


1 


X.42 








1 


-1 


2 
























-2 


1 


1 


— 1 


X.43 


2 


2 


2 






-1 










3 










— 2 


3 


— 1 








X.44 


-1 


-1 


1 


i 


1 




-1 




1 






— i 








— 1 






1 


-i 


i 


X.45 


1 


1 


-1 


1 


1 




1 




1 






— 1 








1 






— 1 


1 


-1 


X.46 


-1 


-1 


1 


-1 


-1 




1 




— 1 






1 








-1 






1 


-1 


1 


X.4T 


1 


1 


-1 


-1 


-1 




-1 




-1 






1 








1 






-1 


1 


-1 


X.48 


-2 


-2 


-2 










— 1 




— 1 


— 1 




— 1 


— 1 


— 1 


2 


— 1 


3 








X.49 


-2 


-2 


-2 






-1 




-1 




-1 


3 




-1 


-1 


-1 


2 


3 


— 1 








X.oO 


2 


2 


2 






3 




— 1 




— 1 


— 1 




— 1 


— 1 


— 1 


— 2 


— 1 


3 








X.51 


1 


1 


1 








-i 




— 1 






— 1 








1 












X.52 


-1 


-1 


-1 








-1 




1 






1 








— 1 












X.53 


1 


1 


1 








-1 




— 1 






— 1 








1 












X.54 


-1 


-1 


-1 








-1 




1 






1 








— 1 












X.SB 












2 
























-2 








X.S6 






















-2 












2 










X.5T 












































X.58 




















—C 








— C 


Q 














X.59 
















c 




— c 








— c 


c 














X.60 
















2 


■ 


— 2 




■ 




— 2 


2 


■ 












X.61 


— i 


— i 


i 








— i 






























X.62 


1 


1 


— 1 








1 






























X.63 


-1 


-1 


1 








1 










~ j 




















X.64 


1 


1 


— 1 








— 1 






























X.65 














2 










2 




















x.ua 












































X.(j7 


















■ 






■ 














■ 






X.68 








— 1 






—2 


























-i 


i 


X.69 








— 1 


^1 




2 




2 






— 2 














— 1 


1 


— 1 


X.70 


2 


— 2 


2 


—2 




































X.71 


-2 


2 


— 2 


2 


— 2 












_2 












2 










X.72 








1 






























1 


-i 


-i 


X.73 








— 1 


1 




























— 1 


1 


1 


X.74 








— 1 


1 




























1 


1 


— 1 


X.75 








1 


-1 




























-1 


— 1 


1 


X.76 












-2 




2 




2 


-2 




-2 


2 


2 




-2 


-2 








X.77 


-2 


2 


2 


-2 


2 


2 
























-2 








X.78 








1 


1 




-2 




-2 






2 


















_i 


X.79 


2 


-2 


-2 


2 


-2 


2 
























-2 








X.80 


























2 


















X.81 


























2 


















X.82 


— 1 


— 1 


— 1 








1 




i 






i 








-i 












X.83 


1 


1 


1 








1 




-1 






-1 








1 












X.84 














2 






























X.85 


-2 


2 


2 


i 


-i 




























-i 


-i 


i 


X.8(i 


2 


-2 


-2 


-1 


1 




























1 


1 


-1 


X.87 














-2 






























X.88 












-2 
























2 








X.89 






















2 












-2 










X.90 


2 


-2 


2 


i 


-i 




























1 


-i 


-i 


X.91 


-2 


2 


-2 


-1 


1 




























-1 


1 


1 


X.92 
















-C 




C 








6 


-6 














X.93 
















-C 




c 








c 


-c 














X.94 












































X.96 
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2 


4 


5 


5 


3 


3 


3 


3 


3 


3 


3 


3 


3 


4 


4 


3 


1 






2 


2 


2 


2 


2 


2 


2 






1 


1 


5 






















i 


i 










16a 


166 18a 


18fc 


18c 


18d 18c 


18/ I89 2Ua 


206 24a 


246 


— IP 




8c 


8c 


i)a 


i)a 


!)a 


Ua 


>)a 




Ha iUa 


10a 


12i 


-1-^2 


3P 


426 lf><^ Ifi^' 


62 


Bl 


63 


Be 


Br, 


67 


64 20a 206 


8a 


86 


5P 


1231 


16f) 16a 


18c 18e 
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80 












24 


-24 


X.187 


2160 


2160 


-2160 


-2160 






96 


-96 


-96 


96 


-80 


80 












24 


-24 


X.188 


2592 


-2692 


-2692 


2692 






144 


144 


-144 


-144 
















-24 


24 


X.189 


2592 


2592 


-2592 


-2692 














-96 


96 












-48 


48 
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Character table of H {2 ¥122) (continued) 



2 


13 


13 


12 


12 


13 


10 


8 


9 


6 


12 


11 


11 


12 


11 


11 


11 


11 


11 


11 


10 


10 


10 


10 


3 


1 


1 


1 


1 




1 


4 


3 


3 


3 


2 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


5 






















1 


1 


























2s 


2t 


'2u 


2v 


2'W 


2x 


3 a 


36 


3 c 


4i 


42 


43 


44 


45 


46 


47 


4s 


49 


4l0 


ill 


4i 2 


4l3 


4l4 


iP 


la 


la 


la 


la 


la 


la 


3a 


■Ah 


3c 


2.a 


'2h 


2.h 


2a 


2j 




2j 


'2k 


2h 


2 J 


2/ 


2 J 


2.k 




3P 


2s 


2t 


2u 


2v 


2'W 


2x 


la 


la 


la 


4i 


42 


4'i 


44 


45 


46 


47 


4s 


49 


4in 


4ii 


4l2 


4l3 


4l4 


5P 


2s 


2t 


2u 


2v 


2'W 


2x 


3a 


35 


3c 


4i 


42 


43 


44 


45 


46 


47 


4s 


49 


4io 


4ii 


4l2 


4l3 


4l4 


x.m 














-4 


14 


-4 












-16 


16 
















X.97 














-4 


14 


-4 












-16 


16 
















X.98 














— 12 


12 






16 


-16 




— 16 






— 16 


16 


16 










X.99 














-12 


12 






16 


-16 




-16 






16 


-16 


16 










X.lOO 














-12 


12 






-16 


16 




16 






16 


-16 


-16 










X.lOl 














-12 


12 






-16 


16 




16 






-16 


16 


-16 










X.102 


9 


9 


9 


9 


13 


9 








—27 


46 


45 


—3 


9 


—3 


—3 


9 


9 


9 


—3 


—3 


—3 


—3 


X.103 


-3 


—3 


—3 


—3 


5 


—3 








—27 


45 


45 


21 


—3 


-3 


—3 


—3 


—3 


—3 


—3 


—3 


—3 


—3 


X.104 


-3 


—3 


—3 


—3 


5 


3 








—27 


—46 


—45 


21 


3 


-3 


—3 


3 


3 


3 


—3 


—3 


3 


—3 


X.105 


9 


9 


9 


9 


13 


—9 








—27 


—46 


—45 


—3 


—9 


-3 


—3 


-9 


—9 


—9 


—3 


—3 


3 


—3 


X.106 


-24 


24 












18 














-8 


8 
















X.107 


— 24 


24 












18 














8 


—8 
















X.108 












8 


12 


— 3 






40 


40 




8 


-8 


-8 


-8 


-8 


8 




8 


-8 




X.109 


-16 


16 










-24 




6 












16 


-16 
















X.llO 


— 16 


-16 


16 


16 






— 24 




6 






























X.lll 


— 8 


— 8 


8 


— 8 






— 6 


12 


3 




—40 


40 




— 8 






— 8 


8 


8 










X.112 


-8 


— 8 


-8 


8 






-6 


12 


3 




40 


-40 




8 






-8 


8 


-8 








8 


X.113 














12 


— 3 






40 


40 




-8 


8 


8 


8 


8 


-8 




-8 






X.114 


— 8 


— 8 


-8 


8 






-6 


12 


3 




—40 


40 




— 8 






8 


— 8 


8 








8 


X.115 


— 16 


16 










— 24 




6 












— 16 


16 
















X.116 


-8 


-8 


8 


-8 






-6 


12 


3 




40 


-40 




8 






8 


-8 


-8 


—8 








x.in 












-8 


12 


-3 






-40 


-40 




-8 


-8 


-8 


8 


8 


-8 




8 


8 




X.llS 


24 


— 24 










12 


24 
































X.119 












8 


12 


—3 






—40 


—40 




8 


8 


8 


—8 


—8 


8 




—8 


8 




X.120 


— 8 


8 










— 24 




6 






























X.121 


16 


— 16 










— 24 




6 






























X.122 


16 


-16 










— 24 




6 






























X.123 


-12 


-12 


-12 


-12 


-4 


2 




9 




-36 


-30 


-30 


-36 


2 


4 


4 


2 


2 


2 




4 


2 




X.124 


12 


12 


12 


12 


— 20 


— 2 




9 




-36 


30 


30 


12 


— 2 


4 


4 


-2 


—2 


—2 




4 


—2 




X.125 


12 


12 


12 


12 


—20 


2 




9 




-36 


—30 


—30 


12 


2 


4 


4 


2 


2 


2 




4 


2 




X.126 


-12 


-12 


-12 


-12 


-4 


-2 




9 




-36 


30 


30 


-36 


-2 


4 


4 


-2 


-2 


-2 




4 


-2 




X.127 














-8 


— 8 


— 8 






























X.128 


32 


-32 










-8 


— 8 


10 






























X.129 














-8 


— 8 


— 8 






























X.130 














-8 


— 8 


— 8 






























X.131 










16 




-9 






48 






— 16 














24 






-8 


X.132 










16 




-9 






48 






-16 














-8 






24 


X.133 










16 




-9 






48 






-16 














-8 






-8 


X.134 










16 




—9 






48 






— 16 














—8 






—8 


X.135 














—24 


24 
































X.136 


18 


18 


18 


18 


26 










—54 






—6 




—6 


—6 








—6 


—6 




—6 


X.137 


— 18 


— 18 


— 18 


— 18 


18 


— 12 








—54 






18 


— 12 


-6 


—6 


— 12 


— 12 


— 12 


6 


—6 




6 


X.138 


— 6 


—6 


—6 


—6 


10 










—54 






42 




— 6 


—6 








—6 


— 6 




—6 


X.139 


— 18 


— 18 


— 18 


— 18 


18 


12 








—54 






18 


12 


-6 


—6 


12 


12 


12 


6 


-6 




6 


X.140 












8 




9 






-24 


-24 




8 


-8 


-8 


-8 


-8 


8 




8 


-8 




X.141 












8 




9 






24 


24 




8 


8 


8 


-8 


—8 


8 




— 8 


8 




X.142 












—8 




9 






24 


24 




—8 


— 8 


—8 


8 


8 


—8 




8 


8 




X.143 












—8 




9 






—24 


—24 




—8 


8 


8 


8 


8 


—8 




—8 


—8 




X.144 














24 


— 6 














— 16 


16 
















X.145 












-16 


24 


— 6 




64 








16 






16 


16 


16 










X.146 














24 


— 6 














16 


— 16 
















X.147 


— 16 


-16 


16 


-16 






6 




—6 






















16 








X.148 


16 


— 16 










— 12 


24 


6 






























X.149 












16 


24 


—6 




64 








— 16 






— 16 


— 16 


— 16 










X.150 


-16 


-16 


-16 


16 






6 




-6 




























-16 


X.lBl 


— 16 


— 16 


— 16 


16 






— 12 


— 12 


—3 




40 


—40 




—8 






8 


—8 


8 










X.1B2 


-16 


-16 


16 


-16 






-12 


-12 


-3 




-40 


40 




8 






8 


-8 


-8 










X.153 


— 16 


— 16 


— 16 


16 






— 12 


— 12 


—3 




—40 


40 




8 






—8 


8 


—8 










X.154 


-16 


-16 


16 


-16 






-12 


-12 


-3 




40 


-40 




-8 






-8 


8 


8 










X.155 


16 


— 16 










6 




— 6 






























X.156 


16 


— 16 










(i 




— f> 






























X.157 














16 


—8 


4 




—64 


64 
























X.158 














16 


—8 


4 




64 


-64 
























X.159 














16 


-8 


4 




-64 


64 
























X.160 














16 


— 8 


4 




64 


-64 
























X.161 


12 


12 


-12 


-12 




id 




-9 






— 30 


-30 




-2 


-4 


-4 


2 


2 


-2 




4 


-id 




X.162 


12 


12 


— 12 


— 12 




2 




— 9 






— 30 


-30 




— 10 


4 


4 


10 


10 


— 10 




-4 


-10 




X.163 










— 24 


4 




— 9 




— 72 


— 60 


— 60 


— 24 


4 


8 


8 


4 


4 


4 




8 


4 




X.164 


12 


12 


— 12 


-12 




— 2 




— 9 






30 


30 




10 


4 


4 


— 10 


— 10 


10 




-4 


10 




X.165 










— 24 


—4 




— 9 




— 72 


60 


60 


— 24 


— 4 


8 


8 


— 4 


— 4 


— 4 




8 


—4 




X.166 


12 


12 


-12 


-12 




-10 




-9 






30 


30 




2 


-4 


-4 


-2 


-2 


2 




4 


10 




X.167 














26 


8 


—4 






























X.168 














20 


8 


-4 






























X.169 














20 


8 


—4 






























X.170 














20 


8 


—4 






























X.171 


— 24 


—24 


24 


24 




— 12 










—36 


—36 




12 






— 12 


— 12 


12 






— 12 




X.172 


12 


12 


— 12 


12 














—36 


36 




— 12 






— 12 


12 


12 


— 12 








X.173 


12 


12 


12 


-12 














36 


— 36 




12 






— 12 


12 


— 12 








12 


X 174 


— 24 


— 24 


24 


24 




12 










36 


36 




— 12 






12 


12 


— 12 






12 




X.175 


12 


12 


12 


-12 














-36 


36 




-12 






12 


-12 


12 








12 


X.176 


12 


12 


-12 


12 














36 


-36 




12 






12 


-12 


-12 


-12 








X.177 


24 


24 


-24 


24 






-18 


























8 








X.178 


24 


24 


24 


-24 






-18 
































-8 


X.179 










-32 




-18 






96 






32 






















X.180 


-24 


24 










-18 


































X.181 


-24 


24 










-18 


































X.182 
















18 














16 


-16 
















X.183 
















18 














-16 


16 
















X.184 


32 


-32 










-24 


-24 


-6 






























X.185 














32 


-16 


8 






























X.186 


-24 


24 












-18 














8 


-8 
















X.187 


-24 


24 












-18 














-8 


8 
















X.188 


-24 


24 












































X.189 


48 


-48 













































84 
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Character table of H {2 ¥122) (continued) 



2 


10 


10 


10 


10 


11 


11 9 9 


9 9 


9 9 10 


10 9 9 


9 


9 


9 9 


9 


9 


9 


9 9 8 


3 
5 


1 


1 


1 


1 




1 1 


1 1 


1 1 




















4l5 


4l6 


417 


4l8 


419 


420 421 422 


423 424 


^25 426 427 


428 429 430 431 432 433 434 435 


436 437 


438 439 440 


■2P 


2j 


29 


26 


2/ 


2k 


2fc 2r 2q 


21 2r 


'2L 2q 'An 


'In '2q '2r 


■2q 


2fc 


23 2q 


2g 


■2r 


2g 


2q 2j 2q 


■AP 


4l5 
4l5 


4l6 


4l7 


4l8 


4ig 


420 ^21 422 


'^24 


^25 ^26 ^27 


428 429 430 


431 


432 


433 434 


435 


436 


437 


438 439 440 


5P 


4l6 


4l7 


4l8 


4l9 


420 421 422 


424 


425 426 427 428 429 430 431 


432 433 434 435 436 437 433 439 440 




































X.97 


































X.98 


































X.99 


































x.ioo 


































X.lOl 
















■ ■ ■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


X.102 


—3 


— 3 


9 


— 3 


9 


9 3 3 


—3 3 


— 3 3 —7 


— 7 — 1 — 1 


— 1 


1 


1 — 1 


— 1 


— 1 


— 1 


— 1 1 — 1 


X.103 


—3 


—3 


—3 


—3 


13 


13 —3 —3 


—3 —3 


—3 —3 —3 


— 3 —3 —3 


—3 


5 


5 1 


1 


—3 


1 


1 —3 1 


X.104 


3 


—3 


3 


—3 


13 


13 3 3 


—3 3 


— 3 3 —3 


— 3 3 3 


3 


—5 


— 5 1 


1 


3 


1 


1 — 3 1 


X.105 


3 


-3 


-9 


-3 


9 


9 -3 -3 


-3 -3 


— 3 — 3 —7 


— 7 1 1 


1 


— 1 


— 1 — 1 


— 1 


1 


— 1 


— 1 1 — 1 


X.106 
















. — 4 


4 






4 


— 4 




— 4 


4 


X.107 


















4 






■ ~^ 








—4 


X.108 


8 




—8 










■ 


■ 
















X.109 
















8 


— 8 
















X.llO 










16 


-16 . . 




■ 


















X.lll 












. —8 —8 


8 





















X.112 




-8 








. -8 8 


8 


. — 8 


















X.113 


8 




8 










■ 


















X.114 




—8 








8 —8 


. —8 


8 


















X.115 
















8 


















X.116 












'. 8 8 


'. -8 


. — 8 


















X.117 


—8 




8 










■ 








■ 






■ 


■ 


X.118 














—4 


4 








. — 4 


— 4 




4 


4 


X.119 


—8 




—8 










■ 








■ 






■ 




X.12Q 














12 


— 12 








4 






— 4 


— 4 


X.121 
















. —8 


8 
















X.122 
















. — 8 


8 


■ 


■ 


■ 




■ 




■ 


X.123 


2 




2 




4 


4 -6 —6 


. —6 


. — 6 4 


4 2 2 


2 


2 


2 




2 




. — 4 


X.124 


— 2 




— 2 




—4 


— 4 —6 —6 


. —6 


. — (j —4 


— 4 2 2 


2 


— 2 


— 2 




2 




4 


X.125 


2 




2 




-4 


-4 6 6 


6 


6 — 4 


~4 2 2 


~^ 












4 


X.126 


— 2 




—2 




4 


4 6 6 


6 


6 4 


4 — 2 — 2 


— 2 


— 2 


— 2 




— 2 




. — 4 


X.127 


































X.128 


































X.129 


































X.130 
















■ 


















X.131 




-8 




24 






-8 '. 


— 8 


















X.132 




24 




-8 






-8 


— 8 


















X.133 




—8 




—8 






8 


8 


















X.134 




— 8 




—8 






8 


8 


















X.135 
















■ ■ ■ 


■ 






■ 






■ 


■ ■ ■ 


X.136 




-6 




-6 


— 14 


-14 


-6 


— () . 2 


2 


■ 


■ 


. — 2 




■ 


— 2 


— 2 2 — 2 


X.137 




6 


— 12 


6 


— 2 


-2 6 6 


6 6 


6 6—2 


— 2 2 2 


2 


4 


4 




2 


■ 


6 


X.138 




-6 




-6 


—6 


—6 


— 6 


— 6 .10 


10 


■ 


■ 


2 




■ 


2 


2—6 2 


X.139 




6 


12 


6 


-2 


-2 -6 -6 


6 -6 


6 — 6 — 2 


— 2 —2 —2 




— 4 


—4 








6 


X.140 


8 




—8 




























X.141 


—8 




—8 




























X.142 


—8 




8 




























X.143 


8 




8 




























X.144 


































X.145 






— 16 




























X.146 


































X.147 








-16 








■ 


















X.148 














—8 


8 


















X.149 






16 




























X.IBO 




16 












■ 


■ ■ 


■ 








■ 






X.lBl 












! -4 4 


'. 4 


■ ^ 












4 






X.1B2 












. _4 —4 


4 


4 


. — 4 — 4 


4 








4 






X.153 












4 -4 


. -4 


4 


■ ~^ ^ 


4 








~4 






X.154 












4 4 


. —4 


. — 4 


4 4 


— 4 








— 4 






X.155 














8 


—8 


















X.156 














8 


— 8 


















X.157 


































X.158 


































X.159 


































X.160 


















■ 


■ 


■ 


■ ■ 


■ 


■ 


■ 


■ ■ ■ 


X.161 


16 




— 16 




4 


—4 






. — 4 4 


— 4 


2 


— 2 —2 


— 2 


4 


— 2 


— 2 . 2 


X.162 


10 




— 2 




4 


—4 






4 — 4 


4 


2 


— 2 2 


2 


— 4 


2 


2 . — 2 


X.163 


4 




4 












■ 


■ 


4 


4 


■ 


■ 


■ 


■ 


X.164 


— 1(J 




2 




4 


— 4 






. —4 4 


— 4 


— 2 


2 2 


2 


4 


2 


2 . — 2 


X.165 


—4 




—4 












■ 


■ 


— 4 


— 4 


■ 


■ 


■ 


■ 


X.166 


— 10 




10 




4 


—4 






4 —4 


4 


— 2 


2 —2 


— 2 


— 4 


— 2 


— 2 . 2 


X.167 


































X.168 


































X.169 


































X.170 


































X.171 


12 




12 




—8 


8 ! . 










-4 


4 ! 










X.172 








12 




6 6 


. — G 


. -(i 


. -2 -2 


2 




. -2 


2 


2 


-2 


2 . -2 


X.173 




— 12 








6 —6 


. —6 


. 6 


2 -2 


-2 




. 2 


-2 


2 


2 


-2 . -2 


X.174 


— 12 




— 12 




— 8 


8 










4 


-4 










X.175 




-12 








. -6 6 


'. 6 


'. -6 ! 


. -2 2 


2 




. 2 


-2 


-2 


2 


-2 '. -2 


X.176 








12 




. -6 -6 


6 


. 6 


. 2 2 


-2 




. -2 


2 


-2 


-2 


2 . -2 


X.177 








-8 
















. 4 


-4 




4 


-4 . 4 


X.178 




8 




















. -4 


4 




-4 


4 . 4 


X.179 


































X.180 














4 ; 


-4 ! ! 








! -4 


-4 




4 


4 ! ! 


X.lBl 














4 


-4 








. -4 


-4 




4 


4 


X.182 


































X.183 


































X.184 


































X.185 


































X.186 
















'. '. -4 


4 ! '. 






! 4 


-4 




-4 


4 ! ! 


X.187 
















. -4 


4 






. -4 


4 




4 


-4 


X.188 














-12 ! 


12 








. 4 


4 




_4 


-4 


X.189 
















. 8 


-8 ! ! 
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Character table of H {2 ¥122) (continued) 



2 


8 


4 


8 


8 


8 


8 


8 


8 


8 


9 


9 


9 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


6 


6 


6 


3 

5 




i 


4 


4 


4 


4 


4 


4 


4 


3 


3 


3 


3 


3 


2 


2 


2 


2 


2 


2 


2 


2 


3 


3 


3 




441 




bl 


b2 


63 


64 


65 


be 


67 


bs 


bg 


bio 


bii 


bi2 bi3 


bi4 


bi5 


bi6 


bl7 


bis 


t>19 >'20 


b21 >'22 


b23 


■2P 


2q 


ba 


3a 


3a 


3a 


3a 


3a 


3a 


3a 


36 


3 b 


36 


36 


36 


3a 


3a 


3a 


3a 


3a 


3a 


3a 


3a 


3c 


3c 


3c 


3P 


441 


5a 


2d 


2e 


2e 


2a 


2d 


2c 


2b 


2a 


2h 


2c 


2c 


2d 


2/ 


21 


29 


21 


2m 


2m 


2/1 


2i 


26 


2c 


2a 


5P 


441 


la 


65 


63 


62 


64 


61 


66 


67 


6s 


b9 


bin 


bn 


612 


613 


blfi 


61s 


bi4 


bl8 


bl7 


big 


620 


b21 622 


b23 


X.96 






F 


F 


F 


-4 


F 


4 


4 


14 


-14 


-14 






—4 


G 


4 


G 


G 


G 


4 


_4 




4 


-4 


X.07 






F 


F 


F 


—4 


F 


4 


4 


14 


— 14 


-14 




■ 


^4 


G 


4 


G 


G 


G 






4 


4 


—4 


X.9S 




-i 


-12 


12 


12 


12 


-12 


12 


-12 


-12 


12 


-12 


-12 






4 


4 


4 


-4 


-4 












X.99 




-1 


12 


— 12 


— 12 


12 


12 


12 


— 12 


— 12 


12 


-12 


12 


TO 




4 


-4 


4 


—4 


-4 












X.lOO 




— 1 


— 12 


12 


12 


12 


— 12 


12 


— 12 


— 12 


12 


— 12 


— 12 


~12 




4 


4 


4 


—4 


—4 












X.lOl 




— 1 


12 


— 12 


— 12 


12 


12 


12 


— 12 


— 12 


12 


— 12 


12 







4 


—4 


4 


—4 


—4 




— 4 








X.102 


— i 


















































X.103 


1 


















































X.104 


1 


















































X.105 


-1 


















































X.106 




2 
















18 


-18 


-18 




























X.107 




2 
















18 


-18 


-18 




























X.108 






-12 


-12 


-12 


12 


-12 


12 


12 


-3 


-3 


-3 


3 


3 


4 


-4 


4 


-4 


-4 


-4 


4 


4 








X.109 












-24 




24 


24 












-8 




8 








8 


— 8 


— 


— fj 




X.llO 






24 


24 


24 


-24 


24 


-24 


-24 


































X.lll 






-6 


6 


6 


6 


-6 


6 


-6 


-12 


12 


-12 


-12 


12 


2 


-2 


-2 


-2 


2 


2 


2 


-2 




— 3 


— 3 


X.112 






6 


-6 


-6 


6 


6 


6 


-6 


-12 


12 


-12 


12 


-12 


-2 


-2 


2 


-2 


2 


2 


-2 


2 




— 3 


— 3 


X.113 






-12 


-12 


-12 


12 


-12 


12 


12 


-3 


-3 


-3 


3 


3 


-4 


4 


-4 


4 


4 


4 


-4 


-4 








X.114 






6 


-6 


-6 


6 


6 


6 


-6 


-12 


12 


-12 


12 


-12 


-2 


-2 


2 


-2 


2 


2 


-2 


2 




— 3 


— 3 


X.115 












-24 




24 


24 












8 




-8 








-8 


8 


— 6 


— 6 




X.116 






— 6 


6 


6 


6 


— 6 


6 


— 6 


— 12 


12 


— 12 


— 12 


12 


2 


— 2 


— 2 


— 2 


2 


2 


2 


-2 




— 3 




X. 117 






— 12 


— 12 


— 12 


12 


— 12 


12 


12 


— 3 


— 3 


— 3 


3 


3 


4 


— 4 


4 


— 4 


— 4 


— 4 


4 


4 








X. 118 






■ 


■ 


■ 


— 12 




12 


— 12 


— 24 


— 24 


24 






4 


■ 


4 


■ 


■ 


■ 


-4 


-4 








X. 119 






— 12 


— 12 


— 12 


12 


— 12 


12 


12 


— 3 


— 3 


— 3 


3 


3 


-4 


4 


— 4 


4 


4 


4 


-4 


-4 








X. 120 












24 




— 24 


24 












8 




8 


_■ 


_■ 




-8 


-8 


— 6 






X.121 












— 24 




24 


24 














H 




H 
















X.122 












-24 




24 


24 














H 




H 
















X.123 




















9 


9 


9 


9 


9 
























X.124 




















9 


9 


9 


9 


9 
























X.125 




















9 


9 


9 


9 


9 
























X.126 




















9 


9 


9 


9 


9 
























X.127 






8 


8 


8 


-8 


8 


-8 


-8 


-8 


-8 


-8 


8 


8 


















—8 


—8 


-8 


X.128 












8 




-8 


8 


8 


8 


-8 






—8 




-8 








8 


8 


— 10 


10 


-10 


X.129 






/ 


/ 


I 


-8 


I 


8 


8 


-8 


8 


8 






















g 


g 


-8 


X.130 






/ 


/ 


I 


-8 


I 


8 


8 


-8 


8 


8 






■ 












■ 




8 


8 


-8 


X.131 






—9 


—9 


—9 


—9 


—9 


—9 


—9 












3 


3 


3 


3 


3 


3 


3 


3 








X.132 






—9 


—9 


—9 


—9 


—9 


—9 


—9 














3 


3 


3 


3 


3 












X.133 






—9 


—9 


—9 


—9 


—9 


—9 


—9 












3 


3 


3 


3 


3 


3 


3 


3 








X.134 






-9 


-9 


-9 


-9 


-9 


-9 


-9 












3 


3 


3 


3 


3 


3 


3 


3 








X.135 




—2 








24 




—24 


24 


—24 


—24 


24 






8 




8 








— 8 


— 8 








X.136 


-2 


















































X.137 




















































X.138 


2 


















































X.139 




















































X.140 




~i 
















9 


9 


9 


-9 


-9 
























X.141 




-1 
















9 


9 


9 


-9 


-9 
























X.142 




-1 
















9 


9 


9 


-9 


-9 
























X.143 




-1 
















9 


9 


9 


-9 


-9 
























X.144 












24 




-24 


-24 


-6 


6 


6 






8 




-8 








— 8 


8 








X.145 






24 


24 


24 


24 


24 


24 


24 


-6 


-6 


-6 


-b 


-6 
























X.146 












24 




-24 


-24 


-6 


6 


6 






-8 




8 








8 


—8 








X.147 






6 


-6 


-6 


-6 


6 


-6 


6 












6 


-6 


-6 


-6 




6 


6 


-6 


-6 


6 


6 


X.148 












12 




-12 


12 


-24 


-24 


24 






-4 




-4 








4 


4 


-6 


6 


-6 


X.149 






24 


24 


24 


24 


24 


24 


24 


-6 


-6 


-6 


-6 


-6 
























X.150 






-6 


6 


6 


-6 


-6 


-6 


6 












-6 


-6 


6 


-6 


6 


6 


-6 


6 


-6 


6 


6 


X.151 






12 


-12 


-12 


12 


12 


12 


-12 


12 


-12 


12 


-12 


12 


4 


4 


-4 


4 


-4 


-4 


4 


-4 


-3 


3 


3 


X.152 






-12 


12 


12 


12 


-12 


12 


-12 


12 


-12 


12 


12 


-12 


-4 


4 


4 


4 


-4 


-4 


-4 


4 


-3 


3 


3 


X.153 






12 


-12 


-12 


12 


12 


12 


-12 


12 


-12 


12 


-12 


12 


4 


4 


-4 


4 


-4 


-4 


4 


-4 


-3 


3 


3 


X.154 






-12 


12 


12 


12 


-12 


12 


-12 


12 


-12 


12 


12 


-12 


-4 


4 


4 


4 


-4 


-4 


-4 


4 


-3 


3 


3 


X.155 






K 


K 


K 


-6 


K 


6 


-6 












-6 


B 


-6 


S 


S 


B 


6 


6 


6 


-6 


6 


X.156 






K 


K 


K 


-6 


K 


6 


-6 












-6 


B 


-6 


S 


S 


S 


6 


6 


6 


—6 


6 


X.157 




-i 


16 


-16 


-16 


-16 


16 


-16 


16 


8 


-8 


8 


8 


-8 


















4 


—4 


-4 


X.158 




-1 


-16 


16 


16 


-16 


-16 


-16 


16 


8 


-8 


8 


-8 


8 


















4 


-4 


-4 


X.159 




-1 


-16 


16 


16 


-16 


-16 


-16 


16 


8 


-8 


8 


-8 


8 


















4 


-4 


-4 


X.160 




-1 


16 


-16 


-16 


-16 


16 


-16 


16 


8 


-8 


8 


8 


-8 


















4 


-4 


-4 


X.161 


2 


















-9 


-9 


-9 


9 


9 
























X.162 


-2 


















-9 


-9 


-9 


9 


9 
























X.163 




















-9 


-9 


-9 


-9 


-9 
























X.164 


-2 


















-9 


-9 


-9 


9 


9 
























X.165 




















-9 


-9 


-9 


-9 


-9 
























X.166 


2 


















-9 


-9 


-9 


9 


9 
























X.167 






20 


— 20 


— 20 


— 20 


20 


— 20 


20 


— 8 


8 


— 8 


— 8 


8 


-4 


4 


4 


4 


—4 


— 4 


-4 


4 


-4 


4 


4 


X.168 






— 20 


20 


20 


— 20 


— 20 


— 20 


20 


— 8 


8 


— 8 


8 


-8 


4 


4 


—4 


4 


—4 


—4 


4 


-4 


-4 


4 


4 


X.169 






F 


F 


F 


— 20 


F 


20 


—20 


—8 


—8 


8 






4 


G 


4 


G 


G 


G 


-4 


-4 


4 


—4 


4 


X.170 






F 


F 


F 


-20 


F 


20 


-20 


-8 


-8 


8 






4 


G 


4 


G 


G 


G 


-4 


-4 


4 


-4 


4 


X.171 




1 
















































X.172 


2 


1 
















































X.173 


2 


1 
















































X.174 




1 
















































X.175 


2 


1 
















































X 176 


2 


















































x!l77 


-4 




-18 


18 


18 


18 


-18 


18 


-18 












6 


-6 


-6 


-6 


6 


6 


6 


-6 








X.178 


-4 




18 


-18 


-18 


18 


18 


18 


-18 












-6 


-6 


6 


-6 


6 


6 


-6 


6 








X.179 






-18 


-18 


-18 


-18 


-18 


-18 


-18 












-6 


-6 


-6 


-6 


-6 


-6 


-6 


-6 








X.180 






K 


K 


K 


18 


K 


-18 


18 












-6 


A 


-6 


A 


A 


A 


6 


6 








X.181 






K 


K 


K 


18 


K 


-18 


18 












-6 


A 


-6 


A 


A 


A 


6 


6 








X.182 




-2 
















18 


-18 


-18 




























X.183 




-2 
















18 


-18 


-18 




























X.184 












24 




-24 


24 


24 


24 


-24 






8 




8 








-8 


-8 


6 


-6 


6 


X.185 




-2 








-32 




32 


-32 


16 


16 


-16 






















-8 


8 


-8 


X.186 




















-18 


18 


18 




























X.187 




















-18 


18 


18 




























X.188 




2 
















































X.189 




2 

















































86 
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Character table of H {2 ¥122) (continued) 



2 


7 


7 


7 


7 


5 


5 


8 


8 


6 


6 


6 


6 


7 


5 


5 


5 


5 


5 


5 


5 


5 


6 


6 


6 


6 


4 


4 


3 


2 


2 


2 


2 


3 


3 


1 


1 


2 


2 


2 


2 


1 


2 


2 


2 


2 


2 


2 


2 


2 


1 


1 


1 


1 


2 


2 




'>24 


)25 


026 027 028 


O29 O30 O31 


b32 


t>33 


634 


b35 


O36 O37 


b3S 


t>39 


O40 O41 O42 


b43 


O44 O45 046 O47 04s O49 O50 




36 


3fc 


36 


36 


3c 


3c 


36 


36 


36 


36 


36 


36 


36 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3c 


3P 


2/ 


2?i 


29 


2i 


2d 


2e 


2j 


2k 


2m 


2o 


2p 


21 


2n 


2f 2m 


2i 


2i 


2m 


29 


21 


2h 


2g 


2r 


2s 


2t 


2o 


2p 


5P 


624 625 


626 


627 


628 


629 


630 


631 


632 




6^4 


635 


>3fi 


637 


641 643 


640 638 


642 


639 


644 645 64fi 


547 


648 


649 


55(1 


X.96 


2 


2 


_2 


2 






_2 


2 












2 






2 




_2 


B 


2 














X.97 


2 


— 2 


~2 








~2 














2 


B 


B 


2 


B 


~2 


B 


— 2 










■ 


■ 


X.98 


















2 


—2 


2 


— 2 




2 












-2 


2 














X.99 


















2 


2 


— 2 


—2 




2 




~2 


~2 






—2 














~^ 


X.lOO 


2 


2 














2 


2 


—2 


— 2 




2 


2 


_2 


_2 


2 


;r 
~^ 


—2 


2 












~^ 


X.lOl 


—2 


—2 














2 


—2 


2 


—2 




-2 


2 


—2 


2 


2 




-2 


—2 














X.102 
























































X.103 
























































X.104 
























































X.105 
























































X.106 


6 


— 6 


-6 


6 






2 


-2 








































X.107 


— 6 


6 


6 


-6 






2 


-2 








































X.108 


1 


1 


1 


1 






—3 


—3 


— 1 


— 1 


— 1 


— 1 


3 


-2 


2 


2 


^2 


2 




2 


— 2 










2 


2 


X.109 


4 


—4 


—4 


4 




















-2 






— 2 




2 




2 


— 2 


2 


2 


— 2 






X.llO 










-6 


-6 
































2 


2 


2 


2 






X.lll 


2 


2 


-2 


-2 


3 


-3 






2 


2 


-2 


-2 




-i 


— 1 


1 


1 


— 1 


i 


i 


— 1 


— 1 


— 1 


1 


1 


-1 


i 


X.112 


— 2 


— 2 


2 


2 


-3 


3 






2 


2 


-2 


-2 




1 


— 1 


1 


— 1 


— 1 


-1 


1 


1 


— 1 


— 1 


1 


1 




1 


X.113 


— 1 


— 1 


-1 


-1 






-3 


-3 


1 


-1 


-1 


1 


3 


2 


—2 


—2 


2 


— 2 


2 


-2 


2 










2 


2 


X.114 


— 2 


— 2 


2 


2 


_3 








2 


-2 


2 


-2 




1 


— 1 


1 


— 1 


— 1 


-1 


1 


1 


— 1 


— 1 


i 


i 


1 


-1 


X.115 


— 4 


4 


4 


-4 




















2 






2 




-2 




— 2 


— 2 


2 


2 


-2 






X.116 


2 


2 


-2 


-2 




_3 






2 


-2 


2 


-2 




-1 


— 1 


1 


1 


— 1 


1 


i 


— 1 


— 1 


— 1 


1 


1 


i 


-i 


X.llT 


1 


1 


1 


1 






_3 


-3 


-1 


1 


1 


-1 




-2 


2 


2 


-2 


2 


-2 


2 


-2 










—2 


-2 


X.118 


4 


— 4 


4 


-4 




















4 






—4 




4 




— 4 














X.119 


— 1 


— 1 


-1 


— 1 






-3 


-3 


i 


i 


i 


i 


3 


2 


— 2 


— 2 


2 


— 2 


2 


-2 


2 










-2 


_2 


X.120 


8 


— 8 


8 


-8 




















2 






— 2 




2 




— 2 


— 2 


2 


-2 


2 






X.121 








































s 




2 




_2 


2 






X.122 








■ 






■ 


■ 










■ 




B 


B 




B 




s 




2 


— 2 


^2 


2 






X.12'3 


— 3 


— 3 


,■ 


— a 










—3 


3 


3 


-3 
































X.124 


— 3 


—3 


— 3 


— 3 










-3 


—3 


-3 


-3 
































X.125 


— 3 


—3 


— 3 


— 3 










—3 


3 


3 


—3 
































X.126 


— 3 


—3 


— 3 


— 3 










—3 


—3 


—3 


—3 
































X.127 


■ 


■ 


■ 


■ 









8 










— 








■ 




■ 




■ 


■ 


■ 


■ 








X.128 


4 


—4 




—4 






■ 


■ 












2 






2 








2 


2 


—2 










X.129 

















— 








































X.13[) 














8 


— 8 








































X.131 
























































X.132 
























































X.133 
























































X.134 






■ 


■ 






























■ 


















X.135 


-4 


4 


— 4 






















-4 






4 








4 














X.136 
























































X.137 
























































X.138 
























































X.139 
























































X.140 


— 3 


—3 


-3 


-3 






i 


i 


3 


3 


3 


3 


— 1 






























X.141 


3 


3 


3 


3 






1 


1 


-3 


-3 


-3 


-3 


— 1 






























X.142 


—3 


—3 


-3 


-3 






1 


1 


3 


-3 


-3 


3 


-1 






























X.143 


3 


3 


3 


3 






1 


1 


-3 


3 


3 


-3 


— 1 






























X.144 


2 


—2 


-2 


2 






-6 


6 












-4 






—4 




4 




4 














X.14B 














2 


2 










2 






























X.146 


—2 


2 


2 


—2 






—6 


6 












4 






4 




—4 




—4 














X.147 










—6 


































-2 


-2 


2 


2 






X.148 


-4 


4 


—4 


4 




















2 






-2 




2 




-2 


-2 


2 


-2 


2 






X.149 














2 


2 










2 






























X.150 












































-2 


-2 


2 


2 






X.151 


-2 


-2 


2 


2 




— 3 






2 


2 


-2 


-2 




i 


-i 


i 


-i 


-i 


-i 


i 


i 


1 


1 


-1 


-1 


-i 


i 


X.152 


2 


2 


-2 


-2 


— 3 








2 


2 


-2 


-2 




-1 


-1 


1 


1 


-1 


1 


1 


-1 


1 


1 


-1 


-1 


-1 


1 


X.153 


-2 


-2 


2 


2 


3 


-3 






2 


-2 


2 


-2 




1 


-1 


1 


-1 


-1 


-1 


1 


1 


1 


1 


-1 


-1 


1 


-1 


X.154 


2 


2 


-2 


-2 


-3 


3 






2 


-2 


2 


-2 




-1 


-1 


1 


1 


-1 


1 


1 


-1 


1 


1 


-1 


-1 


1 


-1 


X.155 






























B 


B 




B 




B 




-2 


2 


-2 


2 






X.156 






























B 


B 




B 




B 




— 2 


2 


-2 


2 






X.157 










4 


-4 








-4 


4 






























2 


-2 


X.158 










-4 


4 








-4 


4 






























2 


—2 


X.159 










-4 


4 








4 


-4 






























-2 


2 


X.lfiO 










4 


-4 








4 


-4 






























—2 


2 


X.lfil 


3 


3 


3 


3 






— 1 


— 1 


-3 


-3 


-3 


-3 


1 






























X.162 


— 3 


— 3 


-3 


— 3 






— 1 


— 1 


3 


-3 


-3 


3 


1 






























X.163 


3 


3 


3 


3 






-1 


-1 


3 


-3 


-3 


3 


-1 






























X.164 


— 3 


—3 


-3 


-3 






-1 


-1 


3 


3 


3 


3 


1 






























X.165 


3 


3 


3 


3 






— 1 


— 1 


3 


3 


3 


3 


— 1 






























X.166 


3 


3 


3 


3 






-1 


-1 


-3 


3 


3 


-3 


1 






























X.167 


—4 


—4 


4 


4 


—4 


4 






-4 






4 




2 


2 


—2 


—2 


2 


—2 


-2 


2 














X.168 


4 


4 


-4 


-4 


4 


-4 






-4 






4 




-2 


2 


-2 


2 


2 


2 


-2 


-2 














X.169 


4 


-4 


4 


—4 




















-2 


S 


B 


2 


B 


_2 


B 


2 














X.170 


4 


-4 




~^ 




















-2 


S 


B 


2 


B 


~^ 


B 


2 














X.171 
























































X.172 
























































X.173 
























































X.174 
























































X.17B 
























































X.176 
























































X.177 
























































X.178 
























































X.179 
























































X.180 
























































X.181 
























































X.182 


6 


-6 


-6 


6 






2 


-2 








































X.183 


-6 


6 


6 


-6 






2 


-2 








































X.184 


-4 


4 


-4 


4 




















2 






-2 








-2 




-2 


2 








X.185 
























































X.186 


-6 


6 


6 


-6 






-2 


2 








































X.187 


6 


-6 


-6 


6 






-2 


2 








































X.188 
























































X.189 
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Character table of H {2 ¥122) (continued) 



2 


5 


T) 5 


7 


7 


7 


7 


7 


7 


7 6 


6 


6 


6 


6 6 


6 


3 


4 


4 4 3 3 3 


3 7 


7 


3 


1 


1 1 


1 


1 






















2 






2 


2 


5 
































i 


i i i i i 


1 






B51 


t>52 t>53 


8a 


86 


«c 


8d 


8e 




89 8tl 


8i 


Hj 


8fc 


8( 8m 


8n 


i)a 


lOa 


106 lOc lOd lOe 10/ IO9 12i 




iP 


3c 


36 3c 


il 


4i 


44 


420 


420 




420 4ll 


4ll 


4l6 


4l9 


427 427 


4l6 


Ua 


ba 


5a 5a 5a 5a 5a 


5a (is 


(is 


3P 


2u 


2x 2d 


8a 


8b 


8c 


Sd 


Se 




89 8h 


8i 


8j 


8k 


8i 8m 


Sn 


3a lOa lOf) 10c lOd lOe 10 f lOo 4i 


4i 


5P 


651 


f'52 653 


8a. 


8b 


8c 


8d 


8e 


8/ 


89 8h 


8i 


8j 


8k 


8i 8m 


8n 


9a 


2f) 


2a 2c 2o 2d 2p 


2e 12i 


122 


X.Uti 






























-1 






. ti 


-ti 


X.97 






























-1 






. 6 


-6 


X.98 
































-i 


i i i -i -i 


1 




X.99 
































-1 


11-111 


-1 




X.lOO 
































-1 


1 1-1-1 1 


1 




X.lOl 
































-1 


1111-1 


-1 




X.102 






-3 


-3 


i 


3 


-i 


3 


3 -i 


-i 


-i 


-i 


-i -i 


-i 












X.103 






-3 


-3 


1 


-3 


1 


-3 


1 1 


1 


1 


1 


1 1 


1 












X.104 






3 


3 


1 


-3 


-1 


-3 


-1 -1 


-1 


-1 


-1 


1 1 


-1 












X.105 






3 


3 


1 


3 


1 


3 


-3 1 


1 


1 


1 


-1 -1 


1 












X.106 


























-2 2 






-2 


2-2 '. '. '. 


'. -6 


6 


X.IOT 


























2 -2 






-2 


2-2 


. -6 


6 


X.108 






-4 


4 




























. -3 


-3 


X.109 









































X.117 




. 4 


-4 . 








-3 


-3 


X.118 


















X.119 




'. -4 


4 ! 








-3 


-3 


X.120 


















X.121 


















X.122 


















X.123 


. -1 


'. -2 


-2 ! 


. 2 


2 


. -2 


-3 


-3 


X.124 


1 


. 2 


2 


. 2 


. 2 


. -2 


-3 


-3 


X.125 


. -1 


. -2 


-2 . 


. -2 


. -2 


. 2 


-3 


-3 


X.126 


1 


. 2 


2 


. -2 


. -2 


. 2 


-3 


-3 



X.161 


1 


. 2 


-2 


. -2 


. 2 


3 


3 


X.162 


. -1 


. -2 


2 


2 


. -2 


3 


3 


X.163 


1 


. -4 


-4 






3 


3 


X.164 


1 


. 2 


-2 


'. 2 


! -2 !!!!!!! ! 


3 


3 


X.165 


. -1 


. 4 


4 






3 


3 


X.1B6 


. -1 


. -2 


2 


'. -2 


'. 2 '. 


3 


3 



X.140 


. -1 


. 4 


-4 


-1 


-1 


-1 


-1 


1 


-1 


1 


-3 


-3 


X.141 


. -1 


. 4 


-4 


-1 


-1 


-1 


1 


1 


1 


1 


-3 


-3 


X.142 


1 


. -4 


4 


-1 


-1 


-1 


1 


1 


1 


1 


-3 


-3 


X.143 


1 


. -4 


4 


-1 


-1 


-1 


-1 


1 


-1 


1 


-3 


-3 



-2 -2 
-2 2 



1 


-1 


1 


1 


1 


-1 


-1 


1 


1 


-1 


1 


1 


1 


1 


-1 


-1 


1 


-1 


1 


1 


-1 


1 


1 


-1 


1 


-1 


1 


1 


-1 


-1 


1 


1 



1 


1 


1 


1 


-1 


1 


-1 


1 


-1 


-1 


-1 


1 


1 


-1 


1 


-1 


-1 


-1 


-1 


1 


1 


1 


1 


1 


-1 


-1 


-1 


-1 


1 


-1 


-1 


1 


-1 


-1 


1 


1 


-1 


-1 


1 


1 


-1 


-1 



-6 6 
-6 6 



6 -6 
6 -6 



88 



HYUN KYU KIM 



Character table of H {2 ¥122) (continued) 



2 


5 


6 


6 


6 


6 


6 


6 


6 


6 


6 


4 


4 


5 


5 








5 


5 


5 




3 


3 


2 


2 


2 


1 


1 


1 


1 


1 


1 


2 


2 


1 


1 


i 


i 


i 


1 


1 


1 


i' i' 






124 


125 


126 127 


12s 


12g i2io 


12ii 


12l2 


12l3 


12l4 


12l5 


12l6 


12l7 


12l8 


12l9 


1220 


1221 1222 1223 1224 


•IP 


«4 


«9 


l>9 


bs •'30 ^30 B30 


f>31 


ti31 


ti3Q 


f>2 1 


621 


til3 


B30 


bi4 


•131 


t>14 


t>15 


^30 


b4 




3P 


4l 


43 


42 


4l 


45 


46 


4-7 


^8 


49 


4io 


42 


43 


4i'i 


4l2 


423 


4l3 


425 4i4 4i5 44 425 423 
1223 1220 1221 1222 12l9 12l7 


5P 


123 124 125 


126 12? 12s 


12q 


12io 


12ii 


12l2 


12l3 


12l4 


12i,5 


12l6 1224 12l8 


x.m 












2 
































X.97 




■ 


■ 




■ 


2 


_2 


■ 




























X.98 




2 


— 2 




2 








—2 


—2 


—2 


2 




















X.99 




2 


— 2 




2 








2 


—2 


—2 


2 




















X.lOO 




— 2 


2 




— 2 








2 


2 


2 


—2 




















X.lOl 




— 2 


2 




—2 








—2 


2 


2 


—2 




















x.uyz 












































X.103 












































X.104, 












































.105 












■ 
































X.106 












— 2 


2 






























x.itn 




■ 


■ 


■ 




2 


2 


• 




























X. 1(J8 




1 


1 


3 




1 










—2 


—2 




















X.109 












4 


—4 






























Jf.llO 
















■ 




























.111 
















^2 


2 


2 


— 1 


1 


— 2 


















X.112 




2 


_2 




2 






~2 


2 


— 2 


1 


— 1 












2 








X.113 




1 


1 


3 


1 


— 1 


_l 




— 1 


1 


—2 


—2 




















X.114 




—2 


2 




—2 






2 


—2 


2 


— 1 


1 












2 








X.116 












-4 


4 






























X.116 




2 


— 2 




2 






2 


-2 


-2 


i 


— i 


-2 


















X.117 




— 1 


— 1 


3 


1 


1 


i 


-1 


— 1 


1 


2 


2 




















X.118 






























2 




—2 








—2 2 


X.119 




— i 


— i 


3 


— i 


— i 


-i 


i 


i 


-i 


2 


2 




















X.120 












































X.121 












































X.122 












































X.123 




3 


3 


— 3 


— 1 


1 


i 


— i 


-i 


-i 








i 




— i 






— i 






X.124 




-3 


— 3 


— 3 


1 


1 


1 


1 


1 


1 








1 




1 






1 






X.125 




3 


3 


—3 


— 1 


1 


1 


-1 


-1 


-1 








1 




— 1 






—1 






X.126 




—3 


—3 


—3 


1 


1 


1 


1 


1 


1 








1 




1 






1 






X.127 












































X.128 












































X.129 












































X.130 












































X.131 


3 
























-3 




1 




1 


1 




— 1 


1 1 


X.132 


3 
























1 




1 




1 


— 3 




— 1 


1 1 


X.133 


3 
























1 




J 




J 


X 




_ \ 


J J 


X.134 


3 
























1 




J 




J 






_1 


J J 


X.135 












































X.136 












































X.137 












































X.138 












































X.139 












































X.140 




—3 


—3 


3 


— i 


i 


i 


i 


i 


-i 








— i 




i 






— i 






X.141 




3 


3 


3 


— 1 


—1 


-1 


1 


1 


-1 








1 




— 1 






1 






X.142 




3 


3 


3 


1 


1 


1 


-1 


-1 


1 








—1 




— 1 






1 






X.143 




—3 


—3 


3 


1 


— 1 


-1 


-1 


-1 


1 








1 




1 






—1 






X.144 












2 


-2 






























X.145 


-8 






-2 


-2 






-2 


-2 


-2 
























X.146 












-2 


2 






























X.147 


























-2 


















X.148 






























-2 




2 








2 -2 


X.149 


-8 






-2 


2 






2 


2 


2 
























X.15() 




































2 








X.151 




2 


-2 




-2 






2 


-2 


2 


i 


-i 




















X.152 




-2 


2 




2 






2 


-2 


-2 


-1 


1 




















X. 153 




-2 


2 




2 






-2 


2 


— 2 


— 1 


1 




















X.154 




2 


-2 




-2 






-2 


2 


2 


1 


-1 




















X.155 






























-(5 




6 








C -C 


X.156 






























-C 




c 








c -c 


X.157 




4 


-4 
















2 


-2 




















X.158 




-4 


4 
















-2 


2 




















X.169 




4 


-4 
















2 


-2 




















X.160 




-4 


4 
















-2 


2 




















X.161 




3 


3 


-3 


i 


-i 


-i 


-i 


-i 


i 








i 




-i 






i 






X.162 




3 


3 


-3 


-1 


1 


1 


1 


1 


-1 








-1 




-1 






1 






X.163 




-3 


-3 


3 


1 


-1 


-1 


1 


1 


1 








-1 




1 






1 






X.164 




-3 


-3 


-3 


1 


1 


1 


-1 


-1 


1 








-1 




1 






-1 






X.165 




3 


3 


3 


-1 


-1 


-1 


-1 


-1 


-1 








-1 




-1 






-1 






X.166 




-3 


-3 


-3 


-1 


-1 


-1 


1 


1 


-1 








1 




1 






-1 







c 
c 



-c 
-c 



-c 
-c 



c 
c 
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Character table of H {2 ¥122) (continued) 





1^25 


1^26 


1227 1228 l'^29 I'^SO ^'-^^l 1^*^ l*^^'^ 18a 


186 18c 


\M 18e 


18/ I89 20a 


206 24a 246 






t»15 


t»13 t»46 t)45 8c «c 9a 


9a 9a 


9a 9a 


9a 9a 10a 


10a 12i 120 


3P 


4i7 


4l6 


4i8 421 422 424 426 16a 166 62 


61 63 


66 65 


67 64 20a 206 8a 86 


5P 


1225 1226 1227 1228 1229 1230 I231 166 16a 18c 18e 18a ISd 186 




4g 24a 246 


X.96 






. D 


D D 


1 D 


1—1 




X.97 






D 


D D 


1 D 


1 -1 




X.98 












1 


— i 


X.99 












1 


— 1 


X.lOO 












. — 1 


1 


X. 101 












. — 1 


1 


X.102 






'. '. '. '. '. i i '. 










X. 103 






-1-1 










X. 104 






1 1 










X. 105 






-1-1 










X.106 
















X.107 
















X.108 














. — i 1 


X.109 
















X.llO 
















X.lll 




■ 


2 1 1 — 1 — 1 










X. 112 




— 2 


1 — 1 — 1 1 . . . 










X. 1 13 




■ 












X.114 




— 2 












X. 115 
















X. 116 






2—1—1 1 1 










X. 117 
















X. 118 
















X. 119 
















X. 120 
















X. 121 
















X. 122 


■ 












■ 


X.123 


— 1 












1 1 


X.124 


1 












■ ~| ~| 


X.125 


— 1 














X.126 


1 




■ 


■ 


■ 




1 1 


X.127 






. — 1 


— 1 — 1 


1 — 1 


1 1 




X.128 






- 


_■ 


— 2 


9 9 




X.129 






D 


D D 


— 1 D 


— 1 1 




X.130 






D 


D D 


-1 D 


— 1 1 




X.131 




i 


-3 










X.132 




-3 


1 










X.133 




1 


1 










X.134 




1 


1 










X.135 
















X.136 
















X. 137 
















X. 138 
















X. 139 
















X. 14(J 


1 










1 


1 1—1 


X. 141 


1 










. — 1 


— 1 1 —1 


X.142 


-1 










. — 1 


— 1 —1 1 


X.143 


-1 










1 


1-1 1 


X.144 
















X.145 


2 














X. 146 
















X. 147 






2 '. 










X.148 
















X.149 


— 2 














X.150 




— 2 


■ ■ ■ ■ 










X.151 






— 1 1 1 — 1 










X. 152 






—1 —1 11... 










X. 153 






1—1—1 1 










X.154 






1 1 — 1 —1 










X.155 
















X.156 






■ 


■ 


■ 






X. 157 






. — 1 


1 — 1 


— 1 1 


1 1 1 


^ 


X. 158 






1 


— 1 1 


— 1 — 1 


111 




X. 159 






1 


-1 1 


-1 -1 


1—1 1 


— 1 


X. 16(3 






-1 


1 -1 


-1 1 


1 -1 -1 


1 


X. 161 


-i 












. -1 1 


X.162 


1 












1 -1 


X.163 


1 












. -1 -1 


X.164 


-1 












. -1 1 


X.165 


-1 












1 1 


X.166 


1 












1 -1 


X.167 






'. '. '. '. '. '. '.{ 


-i i 


1 -i 


-i i '. 




X.168 






-1 


1 -1 


1 1 


-1 1 




X.169 






D 


D D 


-1 D 


1 1 




X.170 






D 


D D 


-1 D 


1 1 




X.171 












. -1 


-i '. '. 


X.172 












. -1 


1 


X.173 












1 


-1 


X.174 












1 


1 


X.175 
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-12C(3)3-6,B = 4C(3)3 + 2,C = 2C(3)3 + 2,i3 = 2C(3)3 + 1,£; = -2C(8)| - 2C(8)s 
G = -8C(3)3-4, H = -16C(3)3-8, 1 = -48C(3)3-24, J = 4C(3)3 + 1, K = -36C(3)3 
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Bs 


iil fim 




60 


(jp 


fig 


(ir 


(ifc 


fit 




8a 


86 


8c 


8d 


8c 


8 f 
"J 


89 


8h 


8i 


8j 


8fc 


8/ 


8 m 


8n 


80 


X.l 


— Y" 


— ^ 


1 


1 


1 


1 


— -y 


1 


1 


1 


1 


1 


J— 


— —J- 


1 


1 


1 


1 


— j- 


— Y" 


1 


1 


1 


1 


1 


Y 


j- 


1 


1 


X.2 






1 


1 


1 


1 




1 


1 


1 


1 


1 




~l 


1 


-1 


1 


-1 






-1 


-1 


1 


-1 


-1 






1 


-1 


X.3 






1 


1 


1 


1 




1 


1 


1 


1 


1 


~ J 






2 




2 






2 
















2 


X.4 






1 


1 


1 


1 




1 


1 


1 


1 


1 








-2 




-2 






-2 










■ 


■ 




-2 


X.5 


r 
~| 




-1 


-1 


— 1 


— 1 


r 
~| 


-1 


-1 


-1 


-1 


-1 




T 


i 


-1 


i 


-1 






-1 


1 


1 


1 


1 






1 


-1 


X.6 






-1 


-1 


— 1 


— 1 




-1 


-1 


-1 


-1 


-1 






1 


1 


1 


1 






1 


-1 


1 


-1 


-1 




~ J 


1 


1 


X.7 


~^ 












~^ 


2 


— 2 












1 


3 


— 1 


1 






— 1 


1 


1 


— 1 


1 




\ 


— 1 


— 1 


x.s 














~;r 

— I 


2 


-2 












1 


—3 


-1 


-1 






1 


— 1 


1 


1 


— 1 


— 1 


— 1 


— 1 


1 


X.9 


■ 


■ 










■ 












■ 


■ 


— 2 




-2 












-2 






— 2 




—2 




X.IO 






— 1 


— 1 


— 1 


— 1 




1 


1 


— 1 


— 1 


— 1 






— 2 


— 2 






■ 




2 




-2 












2 


x.u 






-1 


-1 


— 1 


— 1 




1 


1 


-1 


-1 


-1 






2 


-4 




2 










2 














X.12 






— 1 


— 1 


— 1 


— 1 




1 


1 


— 1 


— 1 


— 1 






— 2 


2 






■ 




-2 




-2 












— 2 


X.13 






-1 


-1 


— 1 


— 1 




1 


1 


-1 


-1 


-1 






2 


4 




-2 










2 






■ 








X.14 
















— 2 


2 












2 




-2 




■ 








2 






— 2 


■ 


-2 




X.15 






























— 1 


3 


1 


i 






— i 


— 1 


— 1 


1 


— 1 


1 


— 1 


1 


— i 


X.16 






























— 1 


—3 


1 


— 1 






1 


1 


— 1 


— 1 


1 


1 


1 


1 


1 


X.17 






























3 


1 


3 


1 






1 


1 


— 1 


1 


1 


^1 




— 1 


1 


X.IS 






























3 


— 1 


3 


— 1 


^ j 




— 1 


— 1 


— 1 


— 1 


— 1 


^ j- 




— 1 


— 1 


X.19 






























3 


— 1 


— 3 


1 




) 


3 


— 1 


— 1 


1 


— 1 


1 


— 1 


1 


— 1 


X.20 






























3 


1 


— 3 


— 1 




— 3 


— 3 


1 


— 1 


— 1 


1 


1 


1 


1 


1 


X.21 






























-1 


1 


1 


-1 






-3 


-1 


-1 


1 


-1 


1 


— 1 


1 


1 


X.22 






























-1 


-1 


1 


1 






3 


1 


-1 


-1 


1 




\ 


1 


-1 


X.23 






























— 1 


— 1 


— 1 


— 1 






— 1 


1 


— 1 


1 


1 


— 1 


1 


— 1 


— 1 


X.24 


■ 


■ 










■ 












■ 


■ 


— 1 


1 


— 1 


1 






1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


— 1 


1 


X.25 






1 


— 1 


— 1 


— 1 




1 




1 


1 


— 1 


j 


^ 1 
















—2 






2 




■ 






X.26 






1 


— 1 


1 


1 


j 


— 1 




— 1 


— 1 


— 1 


~ j 


1 


























2 






X.27 






1 


— 1 


— 1 


— 1 


~ j 


1 




1 


1 


— 1 


~ j 


1 
















2 






—2 




■ 






X.28 






1 


— 1 


1 


1 




— 1 




— 1 


— 1 


— 1 














■ 
















— 2 






X.29 






1 


1 


1 


1 




— 1 


— 1 


1 


1 


1 








2 




-2 






2 
















2 


X.30 






1 


1 


1 


1 




-1 


— 1 


1 


1 


1 








— 2 




2 






-2 
















— 2 


X.31 






























2 


-2 










2 




-2 












-2 


X.32 






























2 


2 








■ 


— 2 




— 2 






■ 






2 


X.33 






























-2 




2 












2 






~2 




-2 




X.34 






























— 2 




-2 




■ 








2 










2 




X.35 






























— 2 






2 






-4 




2 














X.36 










■ 


■ 


















— 2 






-2 






4 




2 














X.37 


■ 


■ 






2 


— 2 


■ 






2 


-2 




■ 


■ 










■ 


■ 




















X.38 






i 


i 


— 1 


— 1 




-i 


-i 


-1 


-1 


i 










-2 


2 
























X.39 


~| 




1 


1 


— 1 


— 1 


~| 


— 1 


— 1 


— 1 


— 1 


1 










—2 


—2 
























X.40 


~| 




1 


1 


— 1 


— 1 


~| 


— 1 


— 1 


— 1 


— 1 


1 




1 






2 


—2 
























X.41 


~| 




1 


1 


— 1 


— 1 


~| 


— 1 


— 1 


— 1 


— 1 


1 










2 


2 




2 




















X.42 




r 


— 1 


— 1 


1 


1 




— 1 


— 1 


1 


1 


— 1 










2 


—2 




~^ 




















X.43 


~ 


~ j 


— 1 


— 1 


1 


1 




— 1 


— 1 


1 


1 


— 1 


~ J 








2 


2 


;r 
~^ 


~^ 




















X.44 






— 1 


— 1 


1 


1 




— 1 


— 1 


1 


1 


—1 




1 






—2 


2 
























X.43 






-1 


-1 


1 


1 




-1 


-1 


1 


1 


-1 










-2 


-2 




;r 




















X.4fi 






























4 








■ 






















X.47 
































—2 




2 






— 2 
















2 


X.48 
































—2 




— 2 






— 2 
















2 


X.49 
































2 




2 






2 
















—2 


X.5Q 
































2 




-2 






2 
















-2 


X.51 


■ 


■ 






■ 




■ 












■ 


■ 


—4 






























X.52 






1 


— 1 


— 1 


— 1 




i 


1 


i 


1 


— 1 




































X.53 






1 


— 1 


1 


1 




— 1 


— 1 


— 1 


— 1 


— 1 




































X.54 






1 


— 1 


1 


1 




— 1 


— 1 


— 1 


— 1 


— 1 


|- 


































X.55 






1 


— 1 


— 1 


— 1 


— 1 


1 


1 


1 


1 


— 1 




































X.B6 






— 1 


— 1 


1 


1 




1 


1 


1 


1 


— 1 




































X.57 






-1 


1 








-1 


-1 


-1 


-1 


1 




















2 






-2 










X.58 


2 












2 


— 2 


2 




































■ 






X.59 


2 








■ 




_2 


-2 


2 










































X.60 


_1 




— 1 


1 






_1 


1 


1 


i 


i 


1 


1 


_1 
































X.61 






1 


1 






\ 


1 


1 


— 1 


— 1 


1 


1 


































X.62 


2 












— 2 


-2 


2 




































2 






X.63 


_2 












2 


2 


-2 


























—2 






2 










X.64 




















2 


-2 






























2 




-2 




X.65 




1 


1 


i 








i 


1 


-1 


-1 


i 


_1 


_1 
































X.66 


1 


_1 


-1 


1 






1 


-1 


-1 


-1 


-1 


1 


_1 


1 
















— 2 






2 










X.67 




















-2 


2 






























_2 




2 




X.dS 


_2 












2 


2 


-2 
































-2 










X.69 


_2 












2 


-2 


2 










































X.70 










2 










-2 


2 






























2 




-2 




X.71 


i 


_i 


-i 


-i 






1 


i 


i 


1 


1 


-1 


1 


i 
































X.72 




_i 


-1 


1 


_1 


_1 


_1 


1 


1 


1 


1 


1 


_1 


1 


























_2 






X.73 










-2 


2 








2 


-2 






























_2 




2 




X.74 




























































X.7B 




























































X.76 




























































X.77 




























































X.7S 
















































A 












X.79 
















































A 












X.80 




























































X.Sl 




























































X.82 




































-2 


2 


2 




















X.83 
















































2 












X.84 




































-2 


2 


2 




















X.85 
















































-2 












X.86 




































-2 


2 


-2 




















X.87 




























































X.88 




























































X.89 




































-2 




-2 




















X.90 












































-2 






-2 




2 






X.91 












































-2 






-2 




2 






X.92 
















































2 












X.93 


































2 


2 


-2 


-2 
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Character table o/D(2Fi22) (continued) 



— TP 

3P 
5P 
X.L 
X.2 
X.3 
X.i 
X.5 
X.6 
X.7 
X.8 
X.9 
X.IO 
X.ll 
X.12 
X.Vi 
X.li 
X.I. 
X.W 
X.IT 
X.18 
X.V.) 
X.20 
X.21 
X.22 
X.23 
X.24 
X.25 
X.26 
X.21 
X.2% 
X.29 
X.30 
X.31 
X.32 
X.33 
X.34 
X.35 
X.36 
X.37 
X.38 
X.39 
X.40 
X.41 
X.42 
X.43 
X.44 
X.4B 
X.46 
X.47 
X.48 
X.49 
X.50 
X.51 
X.52 
X.53 
X.54 
X.5. 
X.56 
X.57 
X.58 
X.59 
X. 

X.61 
X.62 
X.63 
X.64 
X.65 
X.66 
X.67 
X.68 
X.69 
X.70 
X.71 
X.72 
X.73 
X.74 
X.75 
X.76 
X.77 
X.78 
X.79 
X.80 
X.81 
X.82 
X.83 
X.84 
X.85 
X. 
X.87 
X.88 
X.89 
X.90 
X.91 
X.92 
X.93 



1 



8p 8g 8r 8s IQq 

4l8 420 429 430 ^ 
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8p 8q 87- 8s 22 

1 1 1 

-1 -1 -1 



3 3 



4 4 4 4 4 
11111 



lot lOe llld lOe 10/ lOg 12a 12fe 12c 12d 12e 12/ Itig Itife 



Jjo flo f>7? JTc Bo Be So 8a 

10c 106 lOd lOe IO9 10/ Ax3 4i4 4i 4ir, 42 4i6 16a 166 
24 24 2,3 2i 2.5 2.5 12a 126 12c 12d 12e 12/ 166 16a 
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-1 


-1 


-1 


-1 
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-1 


-1 


-1 


-1 


-1 


-1 


1 


1 


1 


1 


1 


1 
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-1 
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-1 


-1 
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1 


-1 


-1 


1 


1 


-1 


-1 














1 


-1 


-1 


1 


1 


-1 


-1 














1 


-1 


-1 


1 


1 


-1 


-1 














1 


B 


-S 


1 


-1 


B 


-B 














1 


-B 


S 


1 


-1 


-B 


B 















96 
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Character table of D {2 ¥122) (continued) 



2 


18 


18 


18 


18 


17 


17 


16 


16 


16 


16 


17 


17 


15 


15 


16 


13 


13 


13 


13 


14 


14 


3 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 






1 


1 




1 


1 


1 


1 
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1 


1 


1 


1 


1 


1 


































La 


'-tl 


^2 


23 


24 


25 


26 


2-1 


2fi 


2q 


2l0 


^11 


2l2 


2l3 


2l4 


2l5 


2l6 


2l7 


2l8 


2lQ 


220 


■2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


3P 


la 


2l 




2'i 


2 1 


2r, 


2fi 


27 


2s 


2q 




2ll 


2l2 


2l3 


2l4 


2l5 


2l6 


2l7 






220 


5P 


la 


2l 


''~> 


2'i 


2.1 


2'-, 


2& 


27 


28 


29 


^10 


2ii 


2] 2 


2rH 








2l7 


2i « 


2l Q 




XM 


120 


1:^0 


1-20 


120 


-120 


-120 


48 


48 


48 


48 


24 


24 


-48 


-48 


-24 


12 


12 


12 








X.95 


120 


120 


120 


120 


120 


120 


24 


24 


24 


24 


-8 


-8 


24 


24 


-8 










-8 


-8 


X.96 


120 


120 


120 


120 


120 


120 


24 


24 


24 


24 


—8 


—8 


24 


24 


—8 










—8 


—8 


X.97 


120 


120 


120 


120 


— 120 


— 120 


—48 


—48 


—48 


—48 


24 


24 


48 


48 


—24 


12 


12 


12 


12 


—8 


—8 


X.98 


120 


120 


120 


120 


120 


120 


-24 


— 24 


— 24 


-24 


-8 


— 8 


-24 


— 24 


-8 










8 


8 


X.99 


120 


120 


120 


120 


— 120 


— 120 


48 


48 


48 


48 


24 


24 


-48 


—48 


-24 


12 


12 


12 


12 


—8 


—8 


X.lOO 


120 


120 


120 


120 


120 


12t) 


24 


24 


24 


24 


— 8 


— 8 


24 


24 


-8 










8 


8 


X.lOl 


120 


120 


120 


120 


120 


120 


-24 


-24 


-24 


-24 


-8 


-8 


-24 


-24 


-8 










8 


8 


X.102 


128 


-128 


-128 


128 






64 


— 64 


64 


-64 












— 32 


32 


32 


-32 






X.103 


160 


-160 


160 


-160 


160 


-160 


-16 


— 16 


16 


16 






-16 


16 




-8 


-8 


8 


8 






X.104 


160 


— 160 


160 


— 160 


— 160 


160 


16 


16 


— 16 


-16 






— 16 


16 




— 8 


-8 


8 


8 






X.105 


160 


-160 


-160 


160 






80 


— 80 


80 


-80 












-40 


40 


40 


-40 






X.UKi 


160 


— 16t) 


160 


— 160 


— 160 


160 


16 


16 


— 16 


— 16 






-16 


16 




— 8 


— 8 


8 


8 






X.107 


160 


— 160 


160 


— 160 


160 


— 160 


48 


48 


—48 


— 48 






48 


—48 




8 


8 


— 8 


— 8 






X.108 


160 


— 160 


160 


— 160 


16(3 


— 160 


— 16 


— 16 


16 


16 






— 16 


16 




— 8 


-8 


8 


8 






X.109 


160 


— 160 


160 


— 160 


160 


— 160 


— 16 


— 16 


16 


16 






— 16 


16 




— 8 


-8 


8 


8 






X.llO 


160 


-160 


160 


— 160 


— 160 


160 


16 


16 


— 16 


-16 






-16 


16 




—8 


-8 


8 


8 






X.lll 


160 


160 


— 160 


— 160 






64 


—64 


—64 


64 


—32 


32 








— 16 


16 


— 16 


16 


—32 


32 


X.112 


160 


— 160 


160 


— 160 


— 160 


160 


16 


16 


— 16 


— 16 






— 16 


16 




—8 


—8 


8 


8 






X.113 


160 


160 


-160 


-160 














-32 


32 








16 


-16 


16 


-16 


-32 


32 


X.114 


160 


160 


160 


160 


-160 


-160 










32 


32 






-32 


-16 


-16 


-16 


-16 


32 


32 


X.llB 


160 


— 160 


— 160 


160 






—48 


48 


—48 


48 












—8 


8 


8 


—8 






X.116 


160 


— 160 


160 


— 160 


160 


— 160 


— 16 


— 16 


16 


16 






— 16 


16 




—8 


—8 


8 


8 






X.117 


160 


-160 


160 


-160 


-160 


160 


-48 


-48 


48 


48 






48 


-48 




8 


8 


-8 


-8 






X.118 


160 


160 


— 160 


— 160 






-64 


64 


64 


-64 


—32 


32 








— 16 


16 


— 16 


16 


— 32 


32 


X.119 


160 


-160 


-160 


160 






-48 


48 


-48 


48 












— 8 


8 


8 


-8 






X.120 


160 


— 160 


— 160 


160 






—48 


48 


—48 


48 












—8 


8 


8 


-8 






X.121 


160 


160 


-160 


— 160 














-32 


32 








16 


-16 


16 


-16 


-32 


32 


X.122 


160 


160 


-160 


— 160 














-32 


32 








16 


-16 


16 


-16 


-32 


32 


X.123 


192 


192 


-192 


-192 














64 


-64 




















X.124 


192 


192 


-192 


— 192 














64 


— 64 




















X.125 


240 


240 


240 


240 


24() 


240 


48 


48 


48 


48 


— 16 


— 16 


48 


48 


-16 










16 


16 


X.126 


240 


240 


240 


240 


240 


240 


48 


48 


48 


48 


— 16 


— 16 


48 


48 


-16 










— 16 


-16 


X.127 


240 


240 


— 240 


— 240 






96 


— 96 


— 96 


96 


—48 


48 








— 24 


24 


— 24 


24 


16 


-16 


X.128 


240 


240 


-240 


-240 






-96 


96 


96 


-96 


-48 


48 








-24 


24 


-24 


24 


16 


-16 


X.129 


240 


-240 


240 


— 240 


— 240 


240 


-72 


— 72 


72 


72 






72 


— 72 




12 


12 


— 12 


-12 






X.130 


240 


-240 


240 


-240 


240 


-240 


72 


72 


-72 


-72 






72 


-72 




12 


12 


-12 


-12 






X.131 


240 


—240 


240 


—240 


240 


—240 


72 


72 


— 72 


-72 






72 


— 72 




12 


12 


— 12 


— 12 






X.132 


240 


240 


240 


240 


— 240 


— 240 










48 


48 






—48 


— 24 


—24 


—24 


—24 


— 16 


— 16 


X.133 


240 


240 


-240 


— 240 






-96 


96 


96 


-96 


—48 


48 








— 24 


24 


—24 


24 


16 


-16 


X.134 


240 


240 


— 24t) 


— 240 






96 


— 96 


— 96 


96 


—48 


48 








— 24 


24 


—24 


24 


16 


— 16 


X.135 


240 


— 240 


240 


— 240 


— 240 


240 


-72 


— 72 


72 


72 






72 


— 72 




12 


12 


— 12 


— 12 






X.136 


240 


240 


240 


240 


240 


240 


-48 


—48 


—48 


-48 


— 16 


— 16 


-48 


—48 


— 16 










16 


16 


X.137 


240 


240 


240 


240 


-240 


-240 










48 


48 






-48 


-24 


-24 


-24 


-24 


-16 


-16 


X.138 


240 


240 


240 


240 


240 


240 


-48 


-48 


-48 


-48 


-16 


-16 


-48 


-48 


-16 










-16 


-16 


X.139 


240 


240 


240 


240 


240 


240 


-48 


-48 


-48 


-48 


-16 


-16 


-48 


-48 


-16 










-16 


-16 


X.140 


320 


-320 


-320 


320 






32 


-32 


32 


-32 












16 


-16 


-16 


16 






X.141 


320 


-320 


320 


-320 


320 


-320 


-32 


-32 


32 


32 






-32 


32 




-16 


-16 


16 


16 






X.142 


320 


-320 


320 


-320 


-320 


320 


32 


32 


-32 


-32 






-32 


32 




-16 


-16 


16 


16 






X.143 


320 


-320 


-320 


320 






32 


-32 


32 


-32 












16 


-16 


-16 


16 






X.144 


320 


-320 


320 


-320 


-320 


320 


32 


32 


-32 


-32 






-32 


32 




-16 


-16 


16 


16 






X.145 


320 


-320 


320 


-320 


320 


-320 


-32 


-32 


32 


32 






-32 


32 




-16 


-16 


16 


16 






X.146 


384 


384 


384 


384 


-384 


-384 










-128 


-128 






128 














X.147 


384 


384 


-384 


-384 














128 


-128 




















X.148 


384 


384 


-384 


-384 














128 


-128 




















X.149 


480 


-480 


-480 


480 






-144 


144 


-144 


144 












-24 


24 


24 


-24 






X.IBO 


480 


480 


-480 


-480 














-96 


96 








48 


-48 


48 


-48 


32 


-32 


X.lBl 


640 


-640 


-640 


640 






64 


-64 


64 


-64 












32 


-32 


-32 


32 
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Character table of D {2 ¥122) (continued) 



2 


12 


12 


13 


13 


11 


11 


12 


12 


12 


12 


12 11 11 


10 


6 


11 


11 


12 


12 


11 


11 


11 


11 


11 


3 
5 


1 


1 






1 


1 














1 


1 


1 


















^21 


^22 


223 


^24 


225 


^26 


227 


228 


229 


230 


231 232 233 234 


Aa 


4i 


42 


43 


44 


45 


46 


47 


48 


49 


■2P 


la 


la 


la 


la 


la 


la 


la 


la 


la 


la 


1 Q. 1 Q 1 


la 


3a 


22 


22 


2i 


2i 


2io 






2ii 




■AP 


221 


222 


223 




225 


226 


227 








p31 p32 p33 


9 -, . 
f 34 


la 


4i 


42 


43 


44 


45 


46 


4? 


48 


4q 


5P 


221 


22 2 


22 3 


224 


225 




227 


22K 


220 


230 


231 232 233 


234 


3 a 


4i 


42 


43 


44 


45 


46 


47 


48 


49 


XM 


-12 


-12 


8 




6 


6 


-4 


-4 


-4 


-4 


^3 ^ 


— 




— 6 


-6 






-4 


4 


-6 






X.95 






-8 


-8 
























8 


8 






8 


8 


8 


X.96 
X.97 


— 12 


— 12 


—8 
8 


—8 


—6 


—6 


—4 


—4 


—4 


—4 


■ 






6 


6 


8 


8 


—4 


4 


—8 
—2 


—8 
2 


—8 
—2 


X.98 






8 


8 


— 12 


-12 
















— 12 


-12 


8 


-8 






4 


4 


4 


X.99 


— 12 


— 12 


8 




6 


6 


4 


4 


4 


4 




lU 




— 6 


— 6 






—4 


4 


2 


— 2 


2 


X.lOO 






8 


-8 


12 


12 


12 


12 


12 


12 


8 12 12 






12 


12 


— 8 


-8 






4 


4 


4 


X.lOl 






8 


8 


-12 


-12 










— 8 






-12 


-12 


8 


-8 






4 


4 


4 


X.102 






















■ ■ 




2 




















X.103 


— 8 


8 






8 


— 8 


-8 


— 8 


8 


8 


. — 8 8 




1 


8 


-8 










8 


8 


—8 


X.104 


8 


-8 






16 


-16 


8 


8 


-8 


— 8 


. — 8 8 




1 


— 16 


16 
















X.lOo 














8 


— 8 


8 


— 8 


■ ■ 




-2 




















X.lOti 


8 


-8 






8 


—8 


-8 


— 8 


8 


8 


8 — 8 




1 


—8 


8 










8 




—8 


X.107 


s 


— 8 










8 


8 


— 8 


— 8 


8 — 8 




— 2 




















X.108 


— 8 


8 






16 


— 16 


8 


8 


— 8 


— 8 


8 — 8 




1 


16 


— 16 
















X.109 


— 8 


8 






— 16 


16 


8 


8 


-8 


— 8 


8 — 8 




1 


— 16 


16 
















X.llO 


8 


— 8 






—8 


8 


-8 


—8 


8 


8 


8 — 8 




1 


8 


-8 










-8 




8 


X.lll 






















■ ■ 




—2 




















X.112 


8 


—8 






— 16 


16 


8 


8 


—8 


—8 






1 


16 


— 16 
















X.113 


























4 




















X.114 


16 


16 


—32 




















—2 










— 16 


16 








X.115 














8 


—8 


8 


—8 


■ ■ 




4 




















X.116 


—8 


8 






—8 


8 


—8 


—8 


8 


8 


. — 8 8 




1 


—8 


8 










—8 




8 


X.117 


—8 


8 










8 


8 


-8 


—8 


. — 8 8 




—2 




















X.118 


























—2 




















X.119 














8 


— 8 


8 


— 8 






—2 




















X.120 














8 


— 8 


8 


— 8 






—2 




















X.121 


























—2 




















X.122 


























-2 




















X.123 














— 16 


16 


16 


-16 


























X.124 














16 


— 16 


— 16 


16 


■ ■ ■ 
























X.125 






16 


-16 






—8 


—8 


—8 


—8 












— 16 


-16 












X.126 






— 16 


-16 














— 16 










16 


16 












X.127 














8 


— 8 


-8 


8 


























X.128 














8 


— 8 


— 8 


8 


■ 
























X.129 


— 12 


12 






12 


— 12 


-4 


—4 


4 


4 








— 12 


12 










4 


—4 


-4 


X.130 


12 


-12 






-12 


12 


-4 


-4 


4 


4 


A ~A 






-12 


12 










-4 


-4 


4 


X.131 


12 


— 12 






12 


— 12 


—4 


—4 


4 


4 




■ 




12 


— 12 










4 


4 


—4 


X.132 


24 


24 


16 




12 


12 
















— 12 


— 12 






8 


—8 


—4 


4 


—4 


X.133 














—8 


8 


8 


—8 


























X.134 














—8 


8 


8 


—8 


























X.135 


— 12 


12 






— 12 


12 


—4 


—4 


4 


4 


'. 4 -4 






12 


— 12 










—4 


4 


4 


X.136 






16 


16 














-16 










16 


-16 












X.137 


24 


24 


16 




-12 


-12 












4 




12 


12 






8 


-8 


4 


-4 


4 


X.138 






-16 


16 














16 '. '. 










-16 


16 












X.139 






-16 


16 














16 










-16 


16 












X.140 














-16 


16 


-16 


16 






2 




















X.141 


-16 


16 






8 


-8 














-1 


8 


-8 










-8 


-8 


8 


X.142 


16 


-16 






8 


-8 














-1 


-8 


8 










-8 


8 


8 


X.143 














16 


-16 


16 


-16 






2 




















X.144 


16 


-Ifi 






-8 


8 














-1 


8 


-8 










8 


-8 


-8 


X.145 


-16 


16 






-8 


8 














-1 


-8 


8 










8 


8 


-8 


X.146 














































X.147 














































X.148 














































X.149 














-8 


8 


-8 


8 


























X.IBO 














































X.lBl 


























-2 
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Character table of D {2 ¥122) (continued) 



2 


11 


11 


11 9 


9 9 9 10 10 10 10 10 10 10 10 10 10 


10 10 S 


9 9 


999 


9 


3 
5 






1 


111 














4ii 


4l2 4i3 


4i4 4i5 4i6 4i7 4i8 419 420 421 422 423 424 425 426 


427 428 429 430 431 432 433 434 435 


■2P 


2ii 


2ii 


2ll 2i5 


2l6 2i5 2i(j 2q 2io 2i4 2s 2^ 2i4 2io 2ii 2ii 2io 


^2 ^6 ^19 


^19 ^16 


^16 ^15 ^11 


^16 


?,P 




4ii 


4l2 4i3 4i4 4i5 4ie 4i7 A^^ 4i9 420 421 422 423 424 425 426 
4l2 4i3 4i4 4i5 4i6 4i7 4i8 4i9 420 421 422 423 424 425 426 


427 428 429 


430 431 


432 433 434 


435 


5P 




4] 1 


427 428 429 430 431 432 433 434 435 


XMi 


5 


-4 


4 


. 4 'loTQ ' ^ 


^ ■ 4 


4 2 


2 4 


4 


X.95 


8 






. —4 . 1^ ..... 


— 8 — 4 








X.96 


—8 




■ 


12 . . — 4 — 4 ..... 


8 12 


■ 


■ 


■ 


X.97 


2 


4 


4 


4 . . . . — 4 — 2 — 4 2 


— 6 . — ' 


4 2 


2 4 


— 4 


X.98 


4 




■ 


4 . 4 


4 . 


4 


■ 


■ 


X.99 


— 2 


_4 


— 4 


. — 4 . . . .424 —2 


— 10 . 


— 4 2 


2 — 4 


4 


X.lOO 


4 






. —4 .... —4 —4 . —4 


4 


■ 






X.lOl 


4 






4 . 4 


4 . ' 


4 






X.102 






■ 


: 


■ 








X.W3 


— 8 




. —8 


—0 888... 


. — 8 




■ 


■ 


X.104 






. — 4 


AAA 00 

4 4 — 4 . . . — .... . 




■ 


. — 4 


4 


X.105 












4 


— 4 




X.106 


8 




. —8 


— es ... — es 


■ 


■ 


■ 




X.107 






■ 


8 


. —8 


. —4 


— 4 


■ 


X.108 






. — 4 


—4 4 4 —8 ......... 


8 




. —4 


— 4 


X.109 






4 


4 — 4 — 4 —8 ......... 


8 




4 


4 


X.llO 


—8 




8 


—0 —0 ... —0 ..... 










X.lll 




— 16 


16 


8 . . — 8 .... 






■ 


■ 


X.112 






4 


AAA 00 

— 4 — 4 4 . . . — . . . . . 






4 


— 4 


X.113 








. — 8 . . 8 . . . . 










X.114 












■ 


■ 




X.llB 






■ 





■ 


. — 4 


4 




X.116 


8 




8 


8 —8 —8 8 


. —8 


■ 


■ 




X.117 






■ 


8 — 8 




4 


4 




X.118 




16 


— 16 


8 . —8 .... 




■ 


■ 




X.119 












. — 4 


4 




X.120 








........ 




. — 4 


4 




X.121 








— 8 . . 8 . . . . 










X.122 








. — 8 . . 8 . . . . 










X.123 


















X.124 








......... 










X.125 








. — 8 .... — 8 


■ 








X.126 






■ 


. —8 . . —8 —8 ..... 


. —8 


■ 


■ 




X.127 




8 


— 8 


. —4 . . 4 . . . 




. —4 


4 




X.128 




-8 


8 


. —4 . . 4 . . . 




4 


— 4 


■ 


X.129 


4 




6 


— b — D . . . — 4 4 .... . 




. — 2 


— 2 2 


— 2 


X.130 


4 




. -6 


-6 6 6 -4 


'. 4 


2 


2 -2 


-2 


X.131 


— 4 




. 6 


6-6-6-4 


. 4 


2 


2 2 


2 


X.132 


4 






4 . -4 


4 








X.133 




—8 


8 '. 


-4 . . 4 . . . . 




; -4 


4 '. '. 




X.134 




8 


-8 


-4 . . 4 . . . . 




. 4 


-4 




X.135 


— 4 




. -6 


6 6 -6 ... -4 4 




. -2 


-2 -2 


2 


X.136 










'. '. -S 


-8 






X.137 


-4 






'. '. '. '. '. '. '. '. '. '.-4 .4 


-4 








X.138 


















X.139 


















X.140 


















X.141 


8 




. 4 


4-4-4 






. -4 


-4 


X.142 


-8 




. 4 


-4-4 4 






. -4 


4 


X.143 


















X.144 


8 




'. -4 


44-4!!!!!!!!!! 






! 4 ! 


-4 


X.145 


-8 




. -4 


-4 4 4 






. 4 


4 


X.146 


















X.147 


















X.148 


















X.149 












'. 4 


-4 '. '. 




X.IBO 








'.'.'.'.'. 8 '. '. -8 '. '. '. '. 










X.lBl 
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Character table of D {2 ¥122) (continued) 



9999 



440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 4.53 



5a tig tjb 
5a 3a 3a" 

5a 2i5 2i6 
la 6a 6b 



-TP 

3P 
5P 



^36 437 438 439 



2i4 2i6 2i3 2] 
436 437 438 4; 
436 437 438 439 



2l5 2i4 2ii 2i3 2i6 2io 2i6 220 2i9 220 ^20 ^23 2i6 2i9 ^23 ^27 ^28 ^27 220 ^28 
440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 
440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 



X.M 
X.95 
X.96 
X.9T 
X.9S 
X.99 
X.lOO 
X.lOl 
X.102 
X.lO'i 
X.104 
X.105 
X.106 
X.107 
X.108 
X.109 
X.llO 
X.lll 
X.112 
X.113 
X.114 
X.115 
X.116 
X.117 
X.118 
X.119 
X.120 
X.121 
X.122 
X.123 
X.124 
X.125 
X.126 
X.127 
X.128 
X.129 
X.130 
X.131 
X.132 
X.133 
X.134 
X.135 
X.136 
X.137 
X.138 
X.139 
X.140 
X.141 
X.142 
X.143 
X.144 
X.145 
X.146 
X.147 
X.148 
X.149 
X.IBO 
X.lBl 



-4 -4 
-4 -4 



-2 2 2 
-2 -2 2 
2 2-2 



-2 2 
1 1 

1 1 

2 -2 
1 1 



100 
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Character table of D {2 ¥122) (continued) 



2 


6 


6 


6 


ti 


ti 






5 


5 








"1 


5 


"1 






4 


477 


7 7 


7 


7 7 


6 


6 6 6 


3 
5 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 














tic 


dd 


tie 


«.f 


tig tifi 


tii 


ti] 


tik 


til 


6m 


6n 


tio 


bp 


6q 


6r 


tis 


tii 


6ii Ma Mb 


8c 8d 


8e 


«f «9 




Hi 8j 8fc 


'2P 


3a 


3a 


3 a 


3a 


3a 


3a 


3a 


3a 


3a 




3a 


3a 


'6a 


3a 


3a 


3a 


3a 


'6a 


3a 43 4c; 


4^ 44 


ii 


45 45 
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Character table of D {2 ¥122) (continued) 



6 6 6 6 



333 

i i i 



HI 8m Hn 80 >ip >iq Hr >is lOg lOfe lllc Hid lite 10/ lOg Ua Ub Vic Vld Vie Vlf Itig 16fe 

4l9 420 4i9 4e 420 ^29 43q So 5a 5a 5a 5a 5a 5a f>a (JE 6c Be fll) J^o 8a 

8! 8m 8n 8o 8j 8g 8r 8s lOa 10c 106 lOd lOe lOg 10/ 4i3 4i4 4i4ir, 42 4i6 16a 16f) 

61 8m 8ti 8o 8p 8g 8r 8s 22 24 24 23 2i 25 25 12a Vlb Vic 12d Vie Vlf 16b 16a 



where A 
2C(8)8. 



-2 2 
-2 2 



1 -1 -1 
1-1 1 



-1-1 1 1 -1 
1 1-1-1 1 
-1 1-1 1 1 



D 

D 



1 1 

1 -1 



-1-1 1 
1 -1 -1 



-1 
-1 



1 -1 
-1 1 



-111 
1 B -B 
1 -B B 



1 -1 -B 
1-1 S 



-4C(4)4,B 



-2C(5)i 



2C(5)i - 1, C = -4C(3)3 -2,D = 2C(8)i + 
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